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,d •cted at a total of-12 stations. Sampling and analytical methodologies followed
standard procedures and detailed data results are included in attached appen-
dice . Where appropriate, the data generated was submitted to the U.S. Environ-
mental Protection Agency's (EPA) Data Storage and Retrieval (STORET) system.

In brief, thu re-ults of thi- study show that the water quality of the Savannah
River and its tributaries within the study area is generally good. A comparison
of the results to the EPA, Georgia, and South Carolina water quality criteria

S"shows that detected levels for the water quality parameters measured were gen-
erally within acceptable levels unless due to natural causes. 'Concentratings'; "

of pesticides and PCBs in the sediments were below the detection levels in both 1-"
February and July and metal concentrations in the sediments were not indicative
"of serious levels of contamination.

Diatoms accounted for the greatest percentage of all periphytic algal divisions
,•'.•pre,_sent with most of the species characteristic of circumneu-tral-to-acidic water ,

" of low mineral content. Nineteen of the 73 diatom taxa found during this study
are associated with eutrophication in lakes throughout the southeastern'rted+1 ' V,) e
States but generally were found in low cell densities. Benthic and Hester-Dendy ___

macoinvertebrate assemblages were characteristic of pollution-free riverine
environments.

-Diversity and biomass values generally were lower in the Savannah River than in
the tributaries.

The most significant sampling station (Statioa 11) with regard to potential

postimpoundment water quality problems was located downstream of the Bigelow-
Sanford Carpet Factory, where water quality was lower than in the other areas
sampled.

Tissue results for metals, pesticides, and PCBs indicate elevated levels of
"I'. PCB-Aroclor 1254 and metabolites of DDT in the Savannah River with The probable

source upstream of the study area. .- Detecta'ble levels of BEC, chlordane, hepta- ""-'
chlor, and P'P' DDE were also founA. in tissue samples in two tributaries, but
the low concentrations indicate the;probable source to be agricultural runoff.

.3-

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

..........................................................................



SAVANNAH/II.1/TOC.1

12/22/81

TABLE OF CONTENTS

Section Page

LIST OF TABLES

LIST OF. FIGURES

ABSTRACT

OBJECTIVES

INTRODUCTION

METHODS AND TECHNIQUES

Sampling Site Locations
Sampling Schedule and Methodologies
Field Measurements
Water Ouality Sampling and Analysis
Bacteriological Sampling and Analysis
Sediment Sampling and Analysis
Periphyton Sampling and Analysis
Macroinvertebrate Sampling and Analysis
Tissue Sampling and Analysis

RESULTS AND DISCUSSION

Station Characterization
Stream Flows
Water Quality
Bacteriology
Diel Water Quality
Water Oualitv Criteria
Sediments
Periphyton
Macroinvertebrates
Tissues

SUMMARY

Water Ouality

Comparisons of Results with Water Ouality Criteria
Diel Water Ouality
Sediments
Periphyton
Macroinvertebrates
Potential Water Ouality Problems
Tissues

! I i II I.



SAVANNAH/II. 1/TOC.2
12/21/81

TABLE OF CONTENTS
(Continued, Page 2 of 2)

Section Page

RECOMMENDATIONS

-Ae,-, of Concern
Post impoundment Study Reconmendation

PARTICIPATING STAFF

REFERENCES

APPENDICES

APPENDIX A--STREAM FLOW DATA

LIST OF APPENDIX A TABLES

APPENDIX B--FIELD DATA

LIST OF APPENDIX B TABLES

APPENDIX C--WATER QUALITY AND BACTERIOLOGY DATA

LIST OF APPENDIX C TABLES

"APPENDIX D--SEDIMENT DATA

LIST OF APPENDIX D TABLES

APPENoIX E--PERIPHYTON DATA
"FNTIS C'-&j

LIST OF APPENDIX E TABLES _n!.; TIz,,

APPENDIX F--MACROINVERTEBRATE DATA Ju"ct tlI_:rY'cd Li]

LIST OF APPENDIX F TABLES By

APPENDIX G--TISSUE SAMFLE DATA '

4,$ A v a iia bi* ? ,2 ,: : s

LIST OF APPENDIX G TABLES

INS],t. S ta33

Dis

:4."



SAVANNAH/II.I/LOT.I
12/20/81

LTST OF TABLES

Table Page

1 Richard B. Russell Preimpoundment Study--Water
Quality Sampling Station Locations

2 Richard B. Russell Preimpoundment Study--Water
Qiality Sampling Schedule for 1981 (Per Trip Basis)

3 Richard B. Russell Preimpoundment Study--Water
Quality Parameter STORET Codes, Maximum Holding
Times, Preservation Techniques, Analytical
Methodology, and Detection Limits

4 Richard B. Russe,.l Preimpoundment Study--Subcontracted
Water Quality Analyses

5 Richard B. Russell Preimpoundment Study--Vascular

Flora Observed Near Water Quality Sampling Stations

6 Richard B. Russell Preimpoundment Study--Summary of
Field Data For Savannah River and Tributary Stations
Collected February 9, 11, and 13 and July 13, 15,
and 17, 1981

7 Richard B. Russell Preimpoundment Study-Summary of
Water Quality and Bacteriology Data For Savannah
River and Tributary Stations Collected February 9, 11,
and 13 and July 13, 15, and 17, 1981

8 Richard B. Russell Preimpoundment Study--Stream and
Water Classifications for the States of Georgia and
South Carolina

9 Richard B. Russell Preimpoundment Study--Georgia
Water Quality Criteria For Which Sampling Was
Performed

10 Richard B. Russell Preimpoundment Study--South
Carolina Water Quality Criteria For Which Sampling
Was Performed

11 Richard B. Russell Preimpoundment Study--Drinking
Water Quality Criteria For South Carolina

12 Richard B. Russell Preimpoundment Study--EPA (1976)
Water Quality Criteria For Which Sampling Was
Performed

II



SAVANNAH/II .1/LOT.2
"12/20/81

LIST OF TABLES
(Continued, Page 2 of 2)

Table Page

13 Richard B. Russell Preimpoundment Study--Summary of
Periphyton Counts by Major Divisicn Collected
February 9 through 13 and July 13 through 15, 1981

14 Richard B. Russell Preimpoundment Study--Diatom
Species Found During the Study Which are Associated
with Eutrophication

15 Richard B. Russell Preimpound:-ent Study--Summary
of Macroinvertebr.te Hester-Dendy Data by Major
Group--Collected February 9 through 13 and July 13
through 15, 1981

16 Richard B. Russell Preimpoundment Study--Summary
,- of Macroinvertebrate Benthic Data by Major Group--

Collected February 9 through 15 and July 13 through
15, 1981

}I-

ji~ ___________________________

...........................................



SAVANNAH/II.6/LOF.1
12/20/81

LIST OF FIGURES

Figure Page

1 Richard B. Russell Preimpoundment Study--Sampling
Station Location Map

2 Richard B. Russell Preimpoundment Study--Field
Data Sheets

3 Station 1--Savannah River View Looking Upstream
Toward Richard B. Russell Dam Site--
November 20, 1981

4 Station 1--Savannah River View Looking Upstream
from Boat Ramp Toward Diversion Channel on West
Side of Richard B. Russell Dam Site--
February 11, 1981

5 Station 2--Savannah River View Looking Upstream
Toward Future South Carolina/Georgia State
Highway 72 Bridge Location and Present South
Carolina/Georgia State Highway 72 Bridge--
November 20, 1980

6 Station 2--Savannah River View Looking Upstream
from Present South Carolina/Georgia State
Highway 72 Bridge Toward Location of New Seaboard
Coast Line Railroad Bridge--January 13, 1981

7 Station 2--Savnnnah River View Looking Downstream
from Present South Carolina/Georgia State
Highway 72.Bridge Toward Future South Carolina/
Georgia State Highway 72 Bridge--January 13, 1981

8 Station 6--Savannah River at South Carolina State
Highway 184 Bridge (Upstream View)--
November 20, 1980

9 Station 6--Savannah River View Looking Upstream
from South Carolina State Highway 184 Bridge--
January 14, 1981

10 Station 6--Savannah River View Looking Downstream
from South Carolina State Highway 184 Bridge--
January 14, 1981

a IU• I I



SAVANNAH/I1 .6/LOF .2
12/20/81

LIST OF FIGURES
* (Continued, Page 2 of 4)

Figure Page

11 Station 8--Savannah River at South Carolina
State Highway 131 Bridge (Upstream View)--
November 20, 1980

12 Station 8--Savannah River View Looking Upstream
from South Carolina State Highway 181 Bridge--
November 20, 1980

A 13 Station 8--Savannah River View Looking Downstream
from South Carolina State highway 181 Bridge--
November 20, 1980

14 Station 10--Savannah River Just Downstream of
Hartwell Dam--November 20, 1980

15 Station 10--Savannah River Downstream of
U.S. Highway 29 Bridge (left side of photo)
During Period When No Water Was Being Discharged
from Hartwell Dam for Power Generation--
November 20, 1980

'•16 Station lO--Savannah River View Looking Upstream

Toward U.S. Highway 29 Bridge and Hartwell Dam
During Period When Water Was Being Discharged

from Hartwell Da-n for Power Generation--January

15, 1981

17 Station 10--Savannah River View Looking
. Downstream from U.S. Highway 29 Bridge During

Period When No Water Was Being Discharged from
Hartwell Dam for Power Generation--
November 20, 1980

18 Station 3--Rocky River View Looking Upstream from
Abbeville County Road 64 Bridge During Period
When Water Level Was Low (sandbar exposed)--
January 14, 1981

19 Station 3--Rocky River View Looking Downstream
from Abbeville County Road 64 Bridge During

A Period Wi.en Water Level Was Low (no water being
discharged from Secession Lake Dam)--
January 14, 1981

4!i

• ..'•,.,'-,• v ,x•'.• ) ;-'• -',. -'<,,•;.'.% . : .. e ... ,.>-.v -.. _.'.>) .- .- '-.•. ;.%-:i-



SAVANNAH/II .6/LOF .3
"•-' 12/20/81

LIST OF FIGURES
N (Continued, Page 3 of 4)

Figure Page

20 Station 3--Rocky River View Lookir~g Downstream
from Abbeville County Road 64 Bridge Following the
7.1-Centimeter Rainfall on February 10 and

. 11, 1981--February 11, 1981

21 Station 4--Beaverdam Creek View Looking Upstream
from Bridge at Station--January 13, 1981

1. 22 Station 4--Beaverdam Creek Approximately 50 Meters
Downstream of Bridge at Station (Downstream View)--
January 13, 1981

23 Station 4--Beaverdam Creek View Locking Downstream
from Bridge at Station With Normal Water Flow
Present--January 13, 1981

24 Station 4--Beaverdam Creek View Looking Downstream
from Bridge Following the 7.1-Centimeter Rainfall
on February 10 and 11, 1981--February 11, 1981

25 Station 5--Coldwater Creek View Looking Upstream
from Elbert County Road 985 Bridge--
November 20, 1980

26 Station 5--Coldwater Creek View Looking Downstream
U• Toward Elbert County Road 985 Bridge--

November 20, 1980

27 Station 7--Little Generostee Creek View Lookiig
Upstream from Bridge on Extension of Souzh Carolina
State Highway 187--January 14, 1981

28 Station 7--Little Generostee Creek View Looking
Downstream from Bridge on Extension of South
Carolina State Highway 187--January 14, 1981

29 Station 9--Cedar Creek View Looking Upstream from
Bridge on Georgia Highway 77 Spur--January 14, 1981

30 Station 9--Cedar Creek View Looking Downstfeam
from Bridge on Georgia Highway 77 Spur--
November 20, 1980



SAVANNAH /I 1. 6/LOF. 4
12/20/81

LIST OF FIGURES

(Continued, Page 4 of 4)

"F" imure Page

31 Station 11--Downstream of the Bigelow-Sanford
Carpet Factory Discharge (water color was green)--
July 15, 1981

32 Station 12--Upstream of the Bigelow-Sanford Carpet
Factory Discharge (water color was slightly

S..reddish-brown due to silt and clay in the water)--
July 15, 1981

4"-

A!,

A.



ABSTRACT



SAVAOmH/II .1/ABSTRACT.I
12/23/81

ABSTRACT

This document presents the results of the January through August 1981

Preimpoundment Water Quality Study for the Richard B. Russell Dam and

Lake projects. The study area includes a 48-kilometer stretch of the

flSavannah River and its tributaries in Georgia and South Carolina between

Hartwell Dam (at the northern end of the study area) and the Richard B.

Russell Dam site near Calhoun Falls, South Carolina (at the southern end

of the study area). Sampling for meteorological, hydrological, water and

sediment quality, fish and invertebrate tissue contamination, and an

inventory of the existing benthos and periphyton was conducted at a total

of 12 stations. Sampling and analytical methodclogies followed standard

procedures and detailed data results are included in attached appendices.

Where appropriate, the data generated was submitted to the U.S. Environ-

mental Protection Agency's (EPA) Data Storage and Retrieval (STORET)

system.

In brief, the results of this study show that the water quality of the

Savannah River and its tributaries within the study area is generally

good. A comparison of the results to the EPA, Georgia, and South

Carolina water quality criteria shows that detected levels for the water

quality parameters measured were generally within acceptable levels

unless due to natural causes. Concentrations of pesticides and PCBs in

the sediments were below the detection levels in both February and July

and metal concentrations in the sediments were not indicative of serious

7; levels of contamination.

Diatoms accounted for the greatest percentage of all periphytic algal

"divisions present with most of the species characteristic of

circumneutral-to-acidic water of low mineral content. Nineteen of the 73

diatom taxa found during this study are associated with eutrophication in

lakes throughout the southeastern United States but generally were found

in low cell densities. Benthic and Hester-Dendy mac-oinvertebrate
assemblages were characteristic of pollution-free riverine environments.
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Diversity and biomass values generally were lower in the Savannah River

than in the tributaries.

"The most significant sampling station (Station 11) with regard to poten-

tial postimpoundment water quality problems was located downstream of the

Bigelow-Sanford Carpet Factory, where water quality was ,lower than in the

other areas samp~led. f

Tissue results for met a s, pesticides, and PCBs indicate eevated levels

of PCB-Aroclor 1254 and metabolites of DDT in the Savannah River with the

probable source upstream of the study area. Detectable levels of BHC,

chlordane, heptachlor, and P'P' DDE were also found in tissue samples in

two tributaries, but the low concentrations indicate the probable source

to be agricultural runoff.

an
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OBJECTIVES

The overall objectives of the Richard B. Russell Preimpoundment Water

Quality Study were to:

1. Determine and document the preimpoundment water quality

conditions within the future area of Lake Russell;

2. Collect data to serve as the basis for evaluating, over time,

the water quality conditions which develop in Lake Russell;

3. Collect data to allow guidance for future reservoir control and

management; and

4. Provide an adequate database to facilitate U.S. Army Corps of

Engineers (COE) Savannah District coordination with state

agencies to implement watershed pollution control.

These objectives were met by taking samples for physical, chemical, and

biological parameters in the q,,annah River and it. tributaries. The

February 1981 (cold temperature, high-flow period) and July 1981 (warm

temperature, low-flow period) samples were analyzed using standard

analytical techniques and selected data generated was storad in the

U.S. Environmental Protection Agency's (EPA) Data Storage Lnd Retrieval

(STORET) system.

i
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INTRODUCTION

Richard B. Russell Dam is located on the Savannah River at Mile 215;

about 6.5 kilometers (km) southwest of Calhoun Falls, South Carolina and

26 km southeast of Elberton, Georgia (see Figure 1). It is the third

multipurpose dam project built on the Savannah River by the U.S. Army

Corps of Engineers (COE), and is located 48 km downstream from Hartwell

Dam and 60 km upstream from Clark Hill Dam. The Richard B. Russell Dam

will impound virtually all of the Savannah River between Hartwell Lake

and Clark Hill Lake.

The Savannah River above Richard B. Russell Dam drains an area of

approximately 7,500 square kilometers (km2). Flow through the reach to

be impounded by Russell Dam is presently governed by releases from

Hartwell Dam during periods of peak power generation. These releases

generally occur on weekday mornings and afternoons for periods of 4 to

5 hours and creaLe rapid changes in flow, depth, temperature, dissolved

oxygen, and other physical-chemical properties of the tailwater. Water

is drawn through penstocks at a centerline depth of 32.6 meters in the

hypolimnion of Hartwell Lake. During normal generating perioda, the

river flows nearly bank-full at an average velocity of 0.75 .o 1.1 meters

per second. The maximum generation release capacity of 216 cubic meters

(m3 ) per second results in a 1.5- to 2-meter rise in water level below

the dam. Time of travel of the release wave from Hartwell Dam to Russell

Dam is approximately 8 hours. Between generating periods, flow in the

channel diminishes and the water level recedes, exposing large areas of

the river bottom. Discharge from Hartweli Dam during nongeneration

periods is approximately 0.8 mi3 per second (Kendall, 1981; Matter,

et al., 1980).

Richard B. Russell Dam was authorized by U.S. Congress in 1966 for the

purposes of hydropower generation, flood control, and cecreation.

Construction commenced in January 1976; the dam is scheduled for

completion in early 1985. Power and spillway sections of the dam are

% A'. A' 17.' i
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concrete, with earth fill structures on each end. Concrete structures

were scheduled for completion in June 1981. Reservoir filling is

scheduled to begin in June 1983, with power generation beginning in

November 1984 (COE, 1976).

,- The central concrete power and spillway section of the dam spans

1,400 meters, with a maximum height of 59.5 meters above the riverbed.

Earth embankments on either side extend for a combined length of

"1,400 meters. The top of the dam is at an elevation of 150.9 meters

(495 feet) above mean sea level (msl). Elevation of the maximum power

pool will be at 144.8 meters (475 feet) msl and the maximum flood control

pool will be at 146.3 meters (480 feet) msl. Elevation of the spillway

crest will be at 132.9 meters (436 feet) msl. Ten tainter gates will

control flow through the spillway, each measuring 15.2 meters wide by

13. meters high. The power plant will have four turbines having a

combined generating capacity of 300,000 kilowatts (kw). This capacity

could be doubled if U.S. Congress approves installation of pumped storage

turbines at the dam (COE, 1976).

A total of 10,785 hectares (26,650 acres) will be inundated by Lake

Russell at naaximum power pool elevation, corresponding to a storage

volume of 1,210 km2 . At maximum flood control pool, 11,875 hectares

(29,344 acres) will be inundated with a total storage capacity of

1,420 km2. Additional land acquired for the project is determined by a

91.4-meter (300-foot) horizontal ineasuremer.L, upland from Elevation 475,

the larger area. The total area included by these criteria is

21,150 hectares (52,263 acres). An additional 2,833 hectares

(7,000 acres) have been acquired for recreation and public access,

resulting in a total project area of 29,983 hectares (59,260 acres). Of

this total area, 50 percent lies within Elbert County, Georgia;

40 percent in Abbeville County, Georgia; 10 percent in Anderson County,

South Carolina; and <1 percent -in Hart County, Georgia (COE, 1974;

Kendall, 1981).

;1
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METHODS AND TECHNIQUES

Sampling Site Locations

Sampling site locations on the Savannah River and its tributaries were

specified by the COE Savannah District. The sampling sites are shown in

Figure 1 and their locations tabulated in Table 1. Station 11 was added

to the original 10 stations because potential water quality problems were

observed in the tream by COE personnel prior to the first field sampling

period (John LeRoy, COE Savannah District, Personal Communication).

During July, an additional station (Station 12) for water quality

sampling only was added upstream of the influence of the Bigelow-Sanford

Carpet Factory to determine background levels in the stream. Water

depths given in Table 1 are for nongenerating periods in the Savannah

River. Water discharged from Hartwell Dam raises th2 water level 1.0 to

2.0 meters as it passes down the river.

Sampling Schedule and Methodologies

A complete schedule including parameters sampled and sample replication

is shown in Table 2 for the February and July 1981 sampling periods.

Table 3 is a summary of the sampling methodologies (including respective

maximum allowable holding times), sample container and preservation tech-

niques, analytical procedures employed, and reported detection limits for

the water quality parameters.

Field Measurements

At each station during the February and July sampling periods, the fol-

lowing meteorological and in situ parameters were measured: air tempera-

ture, percent cloud cover, wave height, current speed, and Secchi Disc

depth and/or 1-percent light penetration depth (Table 2). Due to the

riverine type of stations, there was complete mixing of the water at each

station and no thermal stratification present. Therefore, sampling for

water temperature, pH, conductivity, dissolved oxygen, and oxidation-

reduction potential was conducted just below the surface (approximately

0.3 meter). For Stations I through 10, sampling was conducted on

February 9, 11, and 13 and on July 13, 15, and 17, 1981. Due to the

small size of the stream at Station 11 (Bigelow-Sanford Carpet Factory

, , , i ! i I I i i
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Table 1. Richard B. Ruissell Prenimposrmr~t Study-Water Quality Sampling Station lixatiorns

Station
Nuaber Fane location and Description

1 Sa-vannah River Elbert Co., Georgia & Abbeville Co., South Carolina; Calhoun
Falls; just downstrean of Richard B. Russell Dam Site; width
approximately 300 meters; depth generally 0.5 to 2.0 meters
with pools to 3.0 meters.

2 Savannah Ri ver Elbert Co., Georgia & Abbeville Co., South Carolina; Calhoun
Li• Falls; upstream of SC Highuay 72 bridge; width approximately

300 meters; depth generally 0.5 to 1.5 meters with pools to
2.5 meters.

3 Rocky River Anderson Co., South Carolina; lowndesrille; Abbeville County
Road 64 bridge; width approximately 30 meters; depth 0.5 to
1.5 meters.

I4 Beaverdam Creek Elbert Co., Georgia; Beverly; Approx. 4.0 km east of Middleton
at oridge across Beaverdam Creek; width approximately
30 meters; depth generally 0.5 meters with pools to
1.0 meters.

5 Coldwater Creek Elbert Co., Georgia; Ruckersville; Elbert County Road 985
bridge; width approximately 14 meters; depth generally 0.2 to

•21 ,0.5 meters.

6 Savannah River Elbert Co., Georgia & Ande- son Co., South Carolina; Iva;
SC High~zy 184 bridge; width approximately 150 to 200 meters;
depth generally 2.0 to 3.0 meters.

7 Little Generostee Creek Anderson Co., South Carolina; Iva; Bridge on SC Highway 187
extension; width approximately 15 meters; depth generally
"<0.5 meters with pools up to 2 meters.

3 Savannah River Anderson Co., Somth Carolina & Hart Co., Georgia; Iva;
SC Highly 181 bridge; width approximately 150 to 200 meters;
depth generally 0.5 to 2.0 meters with pools to 3.0 meters.

9 Cedar Creek Hart Co., Georgia; Hartwell; GA Highý-ny 77 Spur bridge; width
<15 meters; depth generally 0.2 to 0.5 meters.

10 Savarnah River Anderson Co., South Carolina & Hart Co., Georgia; Hart-ll;
just do,.nstrean of U.S. Highway 29 bridge; width approximacely
150 to 200 meters; oepth generally 1.0 to 2.0 meters.

11 BigelL,-Sanford Carpet Abbeville Co., South Carolina; Calhoun Falls; Approx. 3.2 km
Factory (stream) west of Springfield Churcn and upstream of bridge;

34007'25"N 82037'209V; width <2.0 meters; depth <0.5 meters.

12 Upstream of Station 11 Abbeville Co., South Carolina; Calhoun Falls; Approx.
0.4 Iýw northwst of Springfield Church and upstream of carpet
factory influence. -4°07'30"N 82*36'5514; width

;:• Source:<20 meters; depth <0.5 meters.

Source: WAR, 1981.

L L , . . ..-.. " N .. ° .- ,° "."o ... -.° . -"-.". . . . . . . ..•-,, .. ,- .. •••.*. •, •.•
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Table 2. Richard B. Russell Preimpoundment Study-Water Quality Sampling Schedule for 1981
(Per Trip Basis)

Statiors
Parameter 1-10 11 12* Caonents

1. * EMiWODLXICAL DATA

"Air Tempet, are 3/Station 1 1
Cloud Cover 3/Station 1 1

2. WATER UA'Xr" SAMPLLt

HYDROLOGICAL DATA

Total Depth 3/Station 1 1
Wave Height 3/Station 1 1
Current Speed 3/Station 1 1

SPHYSICAL DAIA

Miscellaneous
Cross-Section Location 3/Station 1 1
Sample Derth 3/Station 1 1
Secchi Disc Transparency

and/or Depth of I-Percent
Surface uLig: 3/Station 1 1

Field Measurements
Water Temperature 3/Station 1 1
Specific Conductance 3/Station 1 1.
"Oxidation Reduction Potential 3/Station 1 I
Dissolved Oxygen, Electrode 3/Station 1 1
pH 3/Station 1 1

Laboratory Data
Biochemical Oxygen Demand 3/station 1 1
Gaiaical 'Jygen Demand 3/Station 1 1
Color 3/Station 1 1
Turbidity 3/Staion 1 1
Total Nonfilterable Residue 6/Station 2 2 Duplicate samples/station

CHMICAL DATA

"Minerals and Metals
Alka • "nity 6/Station 2 2 Duplicate samples/station
Chloride, Total 6/Station 2 Duplicate samples/station
Calcium, Total 6/Station 2 2 Duplicate samples/station
Hardness, Total 6/Station 2 2 Duplicate samples/station

p::': .- .. - . , , . .. - -. - . . . - . - . - , • - . - .. . • . , , • • - - •. ' ' -' ' " ' '
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Table 2. Richard B. Russell Preimpoundnent Study-Water Quality Sampling Schedule for 1981
(Per Trip Basis) (Continued, Page 2 of 5)

Stations
Parameter 1-10 11 12* Comments

Minerals and Metals (Continued)
Iron, Dissolved 6/Station 2 2 Duplicate samples/station
Iron, Total 6/Station 2 2 Duplicate samples/station
Manganese, Dissolved 6/Station 2 2 Duplicate samples/station
Manganese, Total 6/Station 2 2 Duplicate samples/station
Potassium, Total 6/Station 2 2 Duplicate samples/station
Sodium, Total 6/Station 2 2 Duplicate samples/station

Nutrients
Carbon, Total Organic 6/Station 2 2 Duplicate samples/station
Carbon Dioxide, Free 6/Station 2 2 Duplicate samples/station
Nitrogen, Total Ammonia 6/Station 2 2 Duplicate samples/station
Nitrogen, Nitrate + Nitrite 6/Station 2 2 Duplicate samples/station
Nitrogen, Total Kjeldahl 6/Station 2 2 Duplicate samples/station
Nitrogen, Dissolved Kjeldahl 6/Station 2 2 Duplicate samples/station
Ortbophosphate 6/Station 2 2 Duplicate samples/station
Phosphate, Total 6/Station 2 2 Duplicate samples/station
Phosphate, Dissolved 6/Station 2 2 Duplicate samples/station

BIOLOGICAL DATA

Bacteriological Data
Fecal Coliform 6/station 2 2 Duplicate samples/station
Fecal Streptococci 6/Station 2 2 Duplicate samples/station
Total Coliform 6/Station 2 2 Duplicate samples/station

3. SEDIMENT SAMPLI

MECHANICAL DATA

Grain size I/Station 1 0 One composite sample; Single analysis

PHYSICAL AND CHEMICAL DATA

Physical Data
Volatile Solids 1/Station 1 0 One composite sample; Duplicate analysi-*

Miscellaneous Chemical Data
Carbon, Total Organic 1/Station 1 0 One composite sample; Duplicate analysis
Nitrogen, Total Kjeldahl 1/Station 1 0 One composite sample; Duplicate analysis
Oil & Grease 1/Station 1 0 One composite sample; Duplicate analysis
Phosphorus, Total 1/Station 1 0 One composite sample; Duplicate analysis
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Table 2. Richard B. Russell Preimpoundment Study-Water Quality Sampling Schedule for 1981
(Per Trip Basis) (Continued, Page 3 of 5)

Stations
Parameter 1-10 11 12* Commnts

Heavy Metals
Arsenic, Total 1/Station 1 0 One composite sample; Duplicate analysis
Cadmium, Total 1/Station 1 0 One composite sample; Duplicate analysis
Chromium, Total I/Station 1 0 One composite sample; Duplicate analysis
Copper, Total I/Station 1 0 One composite sample; Duplicate analysis
Iron, Total 1/Station 1 0 One cwposite sample; Duplicate analysis
Leal, Total 1/Station 1 0 One composite sample; Duplicate analysis
Manganese, Total I/Station 1 0 One composite simple; Duplicate analysis
Mercury, Total 1/Station 1 0 One composite sample; Duplicate analysis
Nickel, Total 1/Station 1 0 One compsite simple; Duplicate analysis
Zinc, Total 1/Station 1 0 One composite sample; Duplicate analysis

Pesticides and PCBs

Aldrin I/Station 1 0 One composite sample; Single analysis
PCB-Arocior 1242 1/Station 1 0 One composite sample; Single analysis
PCB-Aroclor 1254 1/Station 1 0 One composite sample; Single analysis
PCB-Aroclor 1260 1/Station 1 0 One composite sample; Single analysis
BHC--Alpha Isomer 1/Station 1 0 One composite sample; Single analysis
BHC-Beta Isomer I/Station 1 0 One composite sample; Single analysis
BHC-Gamma Isomer l/Station 1 0 One composite simple; Single analysis
Chlordane 1/Station i 0 One composite sample; Single analysis
DOD 1/Station 1 0 One composite sample; Single analysis
DEE I/Station 1 0 One composite sample; Single analysis
DOT I/Station 1 0 One canposite sample; Single analysis
Dieldrin I/Station 1 0 Ore composite sample; Single analysis
Endrin 1/Station 1 0 One cnmposite sample; Single analysis
Peptachlor I/Station 1 0 One composite sample; Single analysis
Mirex 1/Station 1 0 One composite sample; Single analysis
Toxaphene 1/Station 1 0 One composite sample; Single analysis

4. BIOLCGICAL DATA

BENTEDS

FONAR Dredge 4/Station 4 0 Tk% replicate grabs at each of the
four locations/station

Hester-Dendy 1 1 0 Composite sample of 14 plates/station

CHlDRO-PYLL-a 6/Station 2 0 Duplicate samples/station

PEIRPHYIMU 1 1 0 Canposite sample of 8 slides/station
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Table 2. Richard B. Russell PreimpoTn&i nt Study--4Water Quality Sampling Schedule for 1981
(Per Trip Basis) (Continted, Page 4 of 5)

2:?
Parame ter Comnments

5. TISSUE AKALYSIS (tCIJh: Sacnpled at Stations 2, 4, 6, 7, and 8)

I...HEAVY ý S

Arsenic One composite sample/species; 4 species; Duplicate analysis
V Cadmium One ,:omposite sample/species; 4 species; Duplicate analysis

Chromium One conposite sample/species; 4 species; Duplicate analysis
Lead (ne ccmposite sample/species; 4 species; Duplicate aralysis
Mercury One composite sample/species; 4 species; Duplicate analysis
Selenium One composite sample/species; 4 species; Duplicate analysis
Zinc One conposite sample/species; 4 species; Duplicate analysis

"PESTICIDES D) PCBs

PCB-Aroclor 1242 One composite sample/specJes; 4 species; Duplicate analysis
PCB-Aroclor 1254 One composite sample/species; 4 species; Duplicate analysis
WB-Aroclor 1260 (be composite sample/species; 4 species; Duplicate analysis
BHC-Alpha Isaoer One composite sample/species; 4 species; Duplicate analysis
BHC-Beta Isoxer One composite sample/species; 4 species; Duplicate analysis
BHC-Gamia Isomer (Oe composite sample/species; 4 species; Duplicate analysis

V Chlordane One composite sample/species; 4 species; Duplicate analysis
DOD One composite sample/species; 4 species; Duplicate analysis
DDE One canposite s3mple/species; 4 species; Duplicate analysis
DOT One canposite sample/species; 4 species; Duplicate analysis
Dieldrin One composite sample/species; 4 species; Duplicate analysis
Heptachlor One canposite sample/species; 4 species; Duplicate analysis
Methaxychlor One composite sample/species; 4 species; Duplicate analysis
direx One canposite sample/species; 4 species; Duplicate analysis
roxaphene One composite sample/spec~es; 4 species; Duplicate analysis

S6. DIEL W = (NIE: Sampled at Stations 2, 3, 4, and 10 on July 16 and 17, 1981)

HYDROLOGICAL AMD PHYSICAL flXTA

Total Depth One per 3-hour period
Cross-Section Location Once per 3-hour period

FIELD MEASLM =

Water Temperature Once per 3-hour period
Spec'iic Conductance Once per 3-hour period
Dissolved Oxyge, Electrode Once per 3-hour period
piHI Once per 3-hour period
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Table 2. Richard B. Russell Preimpoundment Study--•ater Quality Spling Schedule for 1981
(Per Trip Basis) (Continued, Page 5 of 5)

Parameter Comnents

CIICAL DATA

Carbon, Total Organic OQcc per 3-hour period
Carbon Dioxide, Free Once per 3-hou period
Nitrogen, Total Amuonia Once rer 3-hour period

,-, Nitrogen, Nitrate + Nitrite Once per 3-hour period
Nitrogen, Total Kjeldahl Once per 3-bout period
Orthopbosphate Once per 3-hour period
Phosphate, Total Once per 3-hour period
Suspended Solids, Total Okce per 3-bour period

W

* Station 12 sampled during July only.K'•
t Water quality sampling ur-s performed on February 9, 11, and 13 and July 13, 15, and 17, 1981.

Source: WAR, 1981.

p"
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stream), this stream was only sampled on February 13 and July 15.

Station 12 was sampled only once on July 15.

In addition to the above sampling, a diel study also was conducted at

Stations 2, 3, 4, and 10, beginning at Hour 1000 on July 16. Water

* temperature, pH, conductivity, dissolved oxygen, and chemical sampling

were performed during each 3-hour interval at each of the diel stations.

All measurements were recorded in the appropriate section cn the field

data sheets as shown in Figure 2.

All field instruments (see Table 3) are calibrated against standards (or

as specified) and provided with spare batteries and/or chargers before

being sent into the field. In addition, appropriate standazd solutions

were sent to ihc :-'-Id with the instrument. All 'nstruments were

rechecked up-o return; necessary maintenance and/or provision for storage

was accomplished as specified by the instrument manufacturer. When in

use, instruments .zre Ualibrated prior to beginning a set of measurements

and at a minimu.f of 4-hour intervals, with a final check at the end.

Verification of calibration w. -,in after every 10 samples or if any

unusual reading was encountered. Any anomaly was recorded.

Instrument Routine Calibration

Dissolved Oxygen Meter kir calibration as specified.
Calibrated versus Wirkler
titration if problems were
suspected or after any mem-
brane change.

pH Meter Battery check and calibration
against commercially avail-

-' able certified buffers.

Conductivity Meter Calibrated daily against
""•',- sLtauidard KCI solutions as

"specified in manual. Any
deviation in reading from
manual specifications was
recorded in notes.



F!rGURE2. RICHARD B. RUSSELL PREIMPOUNDMENT STUDY - FIELD DATA SHEETS

SZ•;T,, Water and Air Rese2arch, Inc. Trip Station Sheet I of 2
* 6321 S.W. Archer Road

P.O. Box 1121 Date / /81 Time Observer _,

Gainesille, Florida 32602 eptX-Section Loc(. from
jC3: Savannmh River Total Depth (i) R Bank look upstream).

IN SITU PARPIETERS

Cloud Ccver (%) Current: Speed (fps) __ Air Temp. (*C)

Wave Height (in) __ 1% Light Pen. Depth (m) __ Secchi Disc Nm) __

I

Samoie Temo Cond.uhos DO (mg/i) + ORP (mV)
Depth (m) (*C) pH " cm Probe/Wink

WATER QUALITY SAYPLES Sample Depth (in)

Samole No. Preservation Container
Container Req'd* Technique Number(s)

1 liter plastic I 4"C (BODS)

I liter olastic 2 4"^, filter

(chlorophyll a)

I liter plastic 2 4"C, (Turb.,colorS.S.,

NO1,T-N,T-Alk,CI)

. liter plastic 2 4-C, no air soace,

analyze on site (C02)

"2 ounce plastic 2 filter, 41C (ortho-P)

Sliter plastic 2 4C, HSO4 to pH <2

(TKN,NH!,COD.TP,TOC)

N liter plastic 2 4r, HNO3 to pH <2

(T-FeT-Mn, Ca ,Na K,Ha rd.)

2 ounce plastic 2 filter,HNOl to pH<2,4°C ail

(Dis-Fe, Uis-Mn)

, liter plastic 2 filter, HSO4 to pH<2,4"C

(Dis-TP, Dis-TKN)

½liter plastic, 2 4__, (PBctl- Analy'p
sterile on Site

Cominments: *Double numbers for spike replicate station. Replicate different station
each samDlinq day (3 total).



FIGURE 2. RICHARD B. RUSSELL PREIMPOUNDMENT STUDY - FIELD DATA SHEETS
(Continued, Page 2 of 3)

Trip Station Job: Savannah River Sheet 2 of 2

RI
PERIPHYTOMETERS Containers: 1 liter jar

"X-section location (% from k Bank look upstream) _ Attachment

Placement Date / /81 Retrieval Date / /81

Container Number(s)

HESTER DENDY SAMPLES

X-section location (% from R Bank look upstream) Buoy.___or Float

"Placement Date / /81 Retrieval Dare / /81

Container Number(s)

PONAR DREDGE SAMPLES

X-Section Loc.
(% from R Bank Depth Container Number(s)
look upstream) (W)

SEDIMENT SAMPLES Composite
X-section Loc. (% from R Bank look upstream) [ 0 33 67 I10

Sample Depth (m)

Sample Container No. Req'd Preservation Technique Container Number(s)

1 liter glass 1 4-C
teflon-lined cap

I liter plastic 3 4-C

PHOTOGRAPHS:

COMMENTS:

;i



FIGURE 2. RICHARD B. RUSSELL PREIMPOUNDMENT STUDY - FIELD DATA SHEETS
(C:-ntinued, Page 3 of 3)

Water ane Air Research. Inc. D!EL Trip Station Sheet I of I
li ý21 S 4. Archer Road Date III Ti7-e Observer

"20. 3ox 1121
Gaiesville, Florida 32602 Total Depth (m) X-Section Loc (. from Right

JOB: Si',,.ir~hRiv-r •_ Rank look upstream

IN SITU PARAMETERS
a

Samole Ter'm Cd.hDO (ro/I) Water Level
Depth (m) (C) pH cm Probe/Wink High _

Regular
Low

WATER QUALITY SAMPLES Sample Depth (m)

Sample No. Preservation Container
* Container Rcq'd* Technique Number(s)

½ liter plastic I H.S,0 to pH <2, 4VC

(TKN , NHd, Týý',C

- liter plastic I 4"C.0-N, S.S.)

2 ounce plastic 1 filter. 4"C (ortho-P)

ý liter plastic 1 filter, H2SO 4 to pH <2

"4'C (Dis-TKN, D j

" liter plastic I 4C, no air snace,

analyze on site (CO,)

CMMENTS :

4'

COMMENTS: *Double numbers for spike replicate station. Replicata each station once
during diel (4 total).

I
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Temperature Functions Checked against mercury ther-
mometer daily. Any deviation
was reported in notes.

Current Meter Circuit check. Daily check
of zero. Yearly factory
recalibration.

"Water Quality Sampling and Analysis

Water samples for laboratory analysis were collected at Stations 1

through 10 on February 9, 11, and 13 and July 13, 15, and 17, 1q81.

Samples from Station 11 were collected only on February 13 and July 15.

Station 12 was sampled on July 15 only. In addition, a diel study was

performed at Stations 2, 3, 4, and 10 on July 16 through 17 with sampling

intervals of 3 hours.

At all stations, water samples were collected just below the surface

"(approximately 0.3 meters) due to the absence of stratification.

Sampling depth and total water depth were recorded on the field sheets

(see Figure 2). Duplicate water samples were collected [except for

biological oxygen demand (BOD)] at each station as specified in the scope

of work. One station per day was collected in quadruplicate, with other

replication and spiking in accordance with the Quality Assurance Plan of

Water and Air Research, Inc. (WAR). At all stations except Stations 6

"and 8, a 19-liter (5-gallon) carboy and sample bottles for bacteriology,

carbon jioxide (C0 2 ), and BOD were filled directly from the river or

creeks while at the stations. Due to difficult river access, sampling

was performed from the bridges with a horizontal water sampler at

Stations 6 and 8. Water sample bottles for the other chemical parameters

were filled from the carboy upon return to the field laboratory in

Elberton, Ce.rgia. Samples were analyzed for those parameters listed in

Tabie 2 according to the procedures in Table 3. All preservatives were

added to the appropriate sample container while in the field and the

"samples returned (on ice) to WAR's Gainesville, Florida laboratory. All

chemical analyses were performed in WAR's laboratory, except for free

C02 , which was determined by an alkalinity titration method while in

the field.

,%A

iJ4
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When the samples reached the laboratory, they were irmnediately logped-in

by date in the permanent laboratory record. Each sample was given a

unique laboratory nuhbtr and, when feasible, the sample's preservation

was also checked. Prior to assigning WAR laboratory numbers to the

"samples, the samples were blinded. Samples were then stored, as speci-

fied according to the analyses to be run (normally at 46C), until

analyzed.

Chemical analyses of the water samples strictly adhered to the procedures

listed in Table 3. Any deviation from these specifications is noted in

the reported data. Analytical data sheets were prepared whenever

analyses were performed. These data sheets include all information

concerning methods used, instrument settings, date analyzed, analyst,

etc. All analytical readings and calculations appear on the data sheets

and were turned-in daily, checked, and filed. Any unusual appearance of

the samples or results was also recorded on the data sheets. Calculation

of the results of analyses was accomplished as soon as possible following

completion of the analyses to facilitate assessment of the control

exercised by standards, replicates, and spiked samples.

The list of analyses given in Table 4 were subcontracted. Liaison with

each subcontractor assured that the methods specified in Table 3 were

followed in every case. Sample integrity records were maintained and

documentation of shipment was preserved as part of the permanent labora-

tory record. Quality control samples were included in each shipment to

provide quality control independent of the subcontractor. These control

samples were not specifically identified to the subcontractor. WAR's

laboratory supervisor was responsible for monitoring the analytical

"performance of each subcontractor.

Quality control assurance followed the procedures of WAR's Quality

"Assurance Plan. The following sections are brief summaries of the

procedures and methods employed. Short-cuts were not permitted and any
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Table 4, Richard B. Russell Preimpouurxnt ,Sttdy--ubEontracted Water Quality %nalynes

Tranuinssion
Parameter Subcontractor Met od

m ~Water Samiples

'RX OtN-ti 11 Courier
(CX GCC-HilUI Courier

Sedtiment Samples

Meclhnical Analysis UF Courier
TUC LF Courier
Cd ABC Courier
"Pb ABC Courier

SV g ABC Courier
As TSI Courier

Tissue Samples

May Analyses
Arsenic, Mercury, and Selenium for

Replicate A Samples IS1 Courier
All Metal Analyses for Replicate B Samples TSI Courier

"July-&Atust Analyses
All M•etal Analyses for Replicate A and B

SSamples 1SI Courier

9=IEs: CH24 -H C.LR-4till, So•theast, Environrental Laboratories,
201 N.W. l1th PLace, Gainesville, Florida 32601.

UF -Unirtersity of Florida, Soll Science laboratory, .
Gainesville, Florida 32601.

ABC = Aserican Bacteriological and GEmical Research, Corp.
3437 S.W. 24th Avenue, Gainesville, Florida 32608.

TSI - Techiical Services, Inc.
105 Stockton Street, Jacksonville, Florida 32201.

"Sorce: WAR, 1981.

'a.

'a • % %, % ", - ,,- •,•,, .. •.-. ,-., . . " . . -.-.. , • . . - . . % . . % ." . . .. 5 - • "• . . . • . " ° " " ° ° " "

""U "-r'" •° • # -" " " '% ' " " ' "" ' .". - " ' ' "' " " '' , " " : " " '-% . - ' -' ' " _" _: U " . . •

.. . . . . . . . . . . .. .i . .I.... ......
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abnormalities were immediately brought to the attention of WAR's

lahoratorv supervisor.

Calibration Checks--7hse checks wete performed before using any instru-

ment and the calibration was recorded on the analytical data sheet.

Daily logs of oven, refrigerator, and incubator temperatures were

maintained with this equipment.

"-* Cravimetric Analysis--Accuracy of analytical balances was monitored with

a standard weight set and the results were recorded on log sheets.

Calibration checks and routine maintenance is performed biannually by an

established contractor.

Titrimetric Analyses--The method was checked daily against a standard

solution. The results were recorded on the data sheet and as part of the

accuracy control data.

Colorimetric Analvses--A standard carve of at least five standards of

different concentrations plus reagent blanks was run daily. More points

were run if required. The results of standards were recorded on the data

sheet and also as a part of the accuracy record.

Instrumental Analyses--The Atomic Absorption Spectrophotometer and the

Technicon Autoanalyzer II had daily calibration curves constructed.

Instrument settings were recorded on the data sheet and as a part of the

instrument record.

pH meters, conductivity meters, and turbidimeters were calibrated as

necessary and the calibration was checked - er every 10 samples.

Notation that the calibration was made was ýntered on the data sheet.

3 .'

ii
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The laboratory deionized water supply's resistance was continuously moni-

tored and maintained at I mega ohm. Deionized water blanks were always

included in analyses to control possible contamination from this source.

Precision and Accuracy Control--Shewhart type (EPA, 1979) precision and

accuracy control charts were maintained for all routine laboratory

analyses. These charts are annually updated using the entire data base

"generated by the laboratory for the preceding year's work. These charts

are maintained as a permanent laboratory record.

In this study, precision was also monitored by analysis of duplicate sam-

ples. Most samples obtained during the February and July sampling cycles

were split in the field by filling two separate containers from the same

grab sample. An additional sample was duplicated within a given

analytical set. The difference between the field duplicates was compared

with the control limits on the quality control chart. If the difference

exceeded the warning limits, the difference between the in-house

duplicate was compared. If the in-house and field differences exceeded

the warning limits, the whole set of analyses was repeated. If the field
duplicates exceeded the warning, but the in-house duplicate was in

control, each of the field duplicates was run again to verify that the

difference was due to sampling rather than analytical procedure.

Daily monitoring of the accuracy of the analytical work was accomplished

by comparing the results of recovery of known spikes from replicated

spiked samples. One in every 10 samples was spiked and at least one

spiked duplicated sample was included on each sample set. The difference

between the recovered value for the spike versus the normal spike value

was compared with the accuracy chart warning limit. If this value

exceeded the warning limits, the analysis for the set of samples was

repeated. The results of Lhe spike recoveries were recorded on the

accuracy chart. Spiked sample analyses were run for all nitrogen and

phosphorus forms, chlorides, and all metals.

. . •. .. . ...... . ..- .. .-... ..... ..-.. ,. .. .. ... .. •.... . -- . . I-- • , • . .. .
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In addition to the in-house accuracy control, quality control assurance

was monitored by participation of WAR's laboratory in the EPA and Florida

DER Round Robin Performance Evaluation.

Bacteriological Sampling and Analysis

Bacteria grab samples were collected in two 500-milliliter (ml) sterile

bottles at a depth of 0.3 meter below the water's surface. Sampling was

conducted at the same time as other water quality sampling. Analyses for

4 fecal coliforms (FC), total coliforms (TC), and fecal streptococci (FS)

were run in the field laboratory according to the method shown in

"Table 3. For both FC and TC culture media, pre-prepared ainpules from

Millipore Corporation were used in the field. KF streptococcus agar (BBL

Microbioiogy Systems) plates were prepared in the laboratory during thef.
week prior to sampling. All media was maintained at 4°C while in the

field.

Precision control was teste.d by analyzing each station each day in dupli-

cate. Results were considered consistent if the 95-percent confidence

intervals for both replicates overlapped.

Sediment Sampling and Analysis

,l Bottom sediment samples were collected with an epoxy coated Ponar' dredge

[small size, 15.24 centimeters (cm)/sideJ. Four equally spaced samples

were collected across the width of the stream at Stations I through 11,

L beginning and ending at the shorelines. These samples were composited

into a single representative sample at each station. If rock was

encountered such that a grab could not be obtained, a sample was obtained

at aL,other point along the cross-sectional location at that station.

Samples to be analyzed for organochlorine pesticides and PCBs were stored

at 4"C in widemouth glass jars with Teflon'-lined caps and extracted

within I week. ;amples to be analyzed for metals were stored at 4"C in

widemouth plastic jars with plastic-coated paper-lined caps. Preserva-

tion sediment samples for metals, pesticides, and PCBs was performed

accoi -. g to the procedures specified in Table 3.

...

Im
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In the laboratory, mechanical analyses were performed according to

I "Standard Method for Particle Size Analysis of Soils, ASTM D422-63" as

specified in Table 3. Analyses of sediment samples for metals,

pesticides, and PCBs also were performed according to the procedures

specified in Table 3. For metal analyses, two replicate extractions and

analyses of each parameter were performed on each composite sample

collected at each station. A single analysi3 was performed on sediment

samples for pesticidc and PCB analyses.

Periphyton Sampling and Analvsis.

Periphyton samples were collected at Stations I through 11 with Periphy-

"tometer' artificial substrate samplers. Samplers were attached to foam-

filled floats and left in place at each station for 4 weeks prior to

* collection in February and July. Each sampler held eight 25.4- by

76.2-millimeters (mm) slides (either glass or plexiglass) in a vertical

position. At least two samplers (one with glass slides qnd one with

plexiglass slides) were placed at each station to ensure recovery of one

Sset of slides. Samplers' physical conditions were set as near to

identical as visually possible between stations to reduce variability.

• :However, due to extremely large variations in stream width, flow,

shading, etc., the actual conditions at each station probably were quite

different. Upon collection of the samplers, the slides were removed,

placed into 0.95-liter (1-quart) plastic jars, and preserved in a

4-percent formalin solution.

In the laboratory, the periphyton field data were transferred to a perma-

nent log book and the samples checked against this record. The slides in

each jar were removed, their surfaces scraped with a razor blade and/or

"rtbber scrapper, and the periphyton washed back into the original jar

compositing all eight slides in each sampler. The primary reason for

this was the very limited periphytic growth on the slides at some

stations during February. This method provided sufficient material to

% % %.i
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work with and also gave a more accurate overall station characterization

by averaging-out any within-sampler slide-to-slide variation which may

have been present. The contents of the jar were then rapidly swirled,

poured into a graduated cylinder, and the volume brought up to a standard

volume (usually 200 or 500 ml) with additional 4-percent formalin

solution. The sample was then poured back into the original jar.

Periphyton analysis was then performed by the Uterm3hl (1931, 1958)

method. Each sample was thoroughly mixed and a known aliquot (following

serial dilution if necessary) of usually 5 to 10 ml was transferred into

a standardized plankton sedimentation chamber with a known settling area

of 397.6 square millimeters (m 2 ). After 24 hours of settling, the

chamber was placed on a Zeiss Invertoscope "D" microscope (magnification

to 1,000X) and 500 to 1,000 cell counts wore made for each sample. Cell

counts were made by counting all organisms within the field along at

least two perpendicular transects of the chamber. For colonies and

filaments consisting of a large number of cells, 1/4 or 1/2 of the colony

or filament was counted and this resultant number multiplied to obtain

the number of cells for the entire colony or filament. Empty algal cells

or diatom frustules were not included in the counts. Identified cells

were recorded on standardized bench sheets and later converted to number

of cells/square centimeter (cm 2) for each taxon in the water sample

using the following conversion equation:

2 CAV 2 2
cells/cm N = t X 100 mm2/cmp N TSV N

t a s

where C = Number of cells counted,

A = Area of chamber bottom (397.6 mm2 ),

Nt - Number of transects counted,

"T - Area of one transect at l,O00X magnification (4.95 mm2

Vt - Total volume of sample (ml),

Va = Volume of aliquot (ml),

t,%•~~. ... ,..•°........ ..................................•-..........,. •...° • -.-.--.......... .. ,-•.°.
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S - Area of one microscope slide/two sides (3,871 mm 2), and

Ns = Number of slides composited.

All organisms were identified to species where possible. The following

major standard taxonomic references were used for identification:

Schmidt, et al., 1874-1879; Heurck, 1896; Hustedt, 1927-1930, 1930,

1931-1959, 1949, 1961-1966; Huber-Pestalozzi, 1938, 1941, 1950, 1955,

1961; Huber-Pestalozzi and Hustedt, 1942; Smith, 1950; Cleve-Euler,

1951-1955; Prescott, 1962; Bourrelly, 1966-1970; Patrick and Reimer,

1966, 1975; VanLandingham, 1967-1979; Whitford and Schumacher, 1973;

and Schoeman and Archibald, 1976-1980. Other minor references too

numerous to list also were used.

Since the classification of diatoms is based primarily on the shape and

markings of the cell wall, critical identifications can only be performed

if the diatoms are cleaned (all organic matter removed); thereby leaving

only the silica cell walls. Diatom identification was facilitated by

cleaning apprcximately 30 ml of some of the initial samples using the

hydrogen peroxide method (Werff, 1953; Patrick and Reimer, 1966). This

involved placing the aliquot in a 2,000-ml beaker and adding approxi-

mately 50 ml of 30-percent hydrogen peroxide. A small amount (0.1 to

0.2 gram) Gf potassium dichromate was added (resulting in a purple

solution); in a few moments an exothermic reaction began. This resulted

in a violent heating and boiling of the mixture, which oxidized all of

the organic matter within the solution, including that contained within

the diatoms.

Upon completion of this aqueous combustion reaction, the solution turned

yellow and the mixture was then transferred to a 300-ml tall-form beaker,

filled with distilled water, and allowed to settle 6 to 24 hours. The

diatomaceous material settled to the bottom and formed a delicate

flocculent layer. The sample was then decanted at least three times to

remove the chemicals (using distilled water to refill the beaker after

each 'canting). The cleaned diatoms were then poured into a storage

......................... |. . . . . . . . . . . . . . . . . . . . . . . .
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vial and enough alcohol added to make at least a 30-percent solution to

inhibit growth of fungi.

"Permanent slides were made of the cleaned diatoms with Hyrax mounting

medium. Clean #1 coverslips (22 mm2 ) were flooded with water con-

taining different concentrations of the suspended diatoms and allowed to

air dry at room temperature or on a low-temperqture hot plate. When dry,

the coverslip was heated to 500°C for 5 to 10 minutes and then inverted

into a drop of Hyrax on a slide. The slide was then heated for a few

minutes at 300 to 400°C until the Hyrax stopped bubbling under the cover-

slip. This allowed time for the penetration of the diatom frustules by

Eihe Hyrax and the evaporation of the solvent. The slide was then allowed

to cool while pressing the coverslip down so that it would lie flat on

the slide. The Hyrax hardened rapidly anu the excess along the edges was

"scraped off with a razor blade. The slide was then wiped clean with

acetone. Initial diatom identifications were made from these slides. If

identification difficulties arose in other samples during the study

period, portions of these samples also were cleaned and permanent slides

made to facilitate diatom identifications.

Voucher specimens of difficult taxa were sent to Dr. C.W. Reimer, Acacemy

of Natural Science of Philadelphia (diatoms) and Dr. J.B. Lackey,

Professor Emeritus, University of Florida (green and blue-green algae)

for taxonomic verification.

Macroinvertebrate Sampling and Analysis

"Four equally spaced benthic samples were collected with a small

[15.24 cm/side, 0.023 square meter (m 2)] PonarTM dredge across the width

of the stream at Stations 1 through 11 in February and July. Each of the

four samples collected per station consisted of a composite of four

I.. replicate PonarTM samples (0.1 m2 total area sampled). When possible,

each composite sample was immediately washed in a U.S. Standard No. 30

mesh sieve. The sample was then placed in a 0.95-liter (1-quart)

%p
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wide-iouth plastic jar and the sample preserved in a 10-percent formalin

solution with Rose Bengal stain added.

Macroinvertebrates were also sanpled using Hester-Dendy samplers left in

place at each station for 4 weeks prior to collection in February and

a July. The Hester-Dendy sampler used was that which is reconmnended for

EPA biologists. The sampler consists cf fourteen 7.5-cm diameter plates,

and twenity-four 2.5-cm diameter spacers, constructed of 0.625-cm thick

i. tempered fiberboard, strung together on an eyebolt so that there are

eight single-spaces, one double-space, two triple-spaces, and two
L quadruple-spaces between the plates. This sampler has an effective

surface area of 0.13 m2 .

The samplers were attached to foam-filled floats and suspended within

' .~ I meter of the surface. This procedure , used because of the shallow

water depths and the large water level fluctuations at most stations due

Sto the periodic releases of water from Hartwell Dam. Each sampler was

collected by placing a cloth bag around it from underneath and lifting it

from the water in the bag. Samplers were then identified as to collec-

tion location and preserved in a 19-liter (5-gallon) Roper tm bucket

containing a 10-percent formalin solution. These samplers were not

re-used, as it was very difficult to remove the formalin from the

fiberboard.

Upon arrival. at WAR's laboratory, all benthic macroinvertebrate samples

were washed ia a U.S. Standard No. 30 mesh sieve, which was partially

immersed in a nan of water. This method removed formalin, excess Rose

Bengal stain, atd the remaining silt and clay. The sample was then

placed, in manageable aliquots, in a white ena=el pan for removal of

organisms (sorting). Tapwater was allowed to flow slowly over the sedi-

ment, thus buoying the lighter benthic organisms up and out of the enamal

pan into a U.S. Standard No. 30 mesh sieve. This elutriation technique

enabled rapid separacion of organisms from the substrate. The washed

substrate was analyzed for the heavier henthos (i.e., mollusks). The

organisms were then placed in 5-ml vials in 60-percent ethanol, and the

%' Ii i l i i i i
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vials labeled as to project, type of siibstrate, collection trip, station

r.rnumber, and cross-sectional location.

In the laboratory, the Hester-Dendy samplers were removed from the Roper"

bucket and the cloth bag was everted into a U.S. Standard No. 30 mesh

sieve placed in a white enamel pan. The sampler was then removed and

i.isassembled. The bag, sampler, and organisms were rinsed to remove the

formalin and accimulated sediments. All 14 plates of the sampler were

then scraped with a razor blade and the organisms washed into the sieve.

The organisms were then snrted, placed into vials, preserved, and the

vials labeled following the same methodology used for the benthic macro-

invertebrates.

Binmass measurements were determined on a mean weight basis. Approxi-

mately 10 organisms of each taxon were blot-dried and weighed. The mean

weight for es'ch taxon was then multiplied by that taxon's density in a

sampi_ to determine its biomass in the sample. The individual taxon bio-

i masses were then added together to give the total biomass for the

sample.

Organisms were identified with an American Optical Stereoscopic Micro-

scope (7X to 80X) and a Swift Trinocular Microscope (40X to 400X). The

Chirononmidae and Oligochaeta were grouped under low magnification and

representative specimens were selected for microscope slide mounts, from

which the identifications were made. Chironomids were mounted in CMC-1O,

which contains a clearing agent and makes excellent semi-permanent

slides. Oligochaetes were permanently mounted in Coverbond", which does

not contain a clearing agent. Organisms could be removed and remounted,

if necessary, with either of these mounting media.

Taxonomic references used were Beck (1962, 1976); Beck and Beck (1969a

and b; 1970); Curry (1958); Hilsenhoff (1975); Mason (1973); Parrish
(1968); Roback (1963, 1969); Brinkhurst and Jamieson (1971); Brown

(1972); Edmunds, et al. (1976); Holsinger (1972); Thompson (1968);
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Usinger (1956); Wiggins (1977); Pennak (i978); Hiltunen and Klemm (1980);

S and Saether (1977). Taxonomically difficult and ecologically important

species were identified or verified by experts in their respective

fields: William Beck, Florida A&M University for Chironomidae and

Michael Loden, Louisiana State University for Oligochaeta. Other

* authorities were consulted for the less frequent taxa, and for specific

groups within the Insecta (such as Dr. Minton J. Westfall, University of

Florida, for Odonata).

The Shannon-Weaver Species Diversity Index, H (Odum, 1971) was calculated

using the following expression:

-H = F. l;2

where ni = Total number of organisms present as taxon i;

t

N = ni = Total number of organisms present in the sample; and

t = Number of taxa present in the sample.

H ranges from a minimum of 0.0, occurring when all organisms belong

to the same taxon (no diversity), to a maximum of log 2 N, occurring

where each organism present belongs to a unique taxon (maximum diver-

sity).

Tissue Sampling and Analysis

At Stations 2, 4, 6, 7, and 8, two invertebrate and two vertebrate

species were collected at each station for metal, pesticide, and PCB

analysis of their body tissues. Invertebrate species collected were two

species of crayfish (Cambarus bartonii from the river stations and

Procambarus raneyi primarily from the stream stations), caddisfly larvae

(Hydropsyche sp.) from the river stations, and hellgrammites [Corydalas
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(Corvdalis) sp.] from the two stream stations (Stations 4 and 7). In

Jdulv, cranefly larvae (Tipula sp.) were also collected and analyzed from

Station 8 since insufficient caddisfly larvae were found at Station 6.

The sampling areas for crayfish and hellgramnites were located in the

vicinity of the normal water quality stations. However, caddisfly larvae

P were collected 0.8 km upstream of Station 6 and 2.4 km downstream of

Station 2, due to the lack of suitable habitat at these two stations.

Silver redhorse suckers (Moxostoma anisurum) were collected at

Stations 4, 6, 7, and 8. At Station 2 they were collected 2.4 km below

the station, due to the lack of suitable habitat at Station 2. For the

second vertebrate fish species, redbreast sunfish (Lepomis auritus) were

collected at Stations 4 and 7. Due to the lack of suitable habitat at

Station 6 for sunfish, collections of redbreast sunfish from Gregg Shoals

(located approximately 4.8 km downstream of Station 6) were used for the

second fish species at this station. For the second fish species at

Station 8, bluegills (Lepomis macrochirus) collected just below Hartwell

Dam (Station 10) were used due to the lack of redbreast sunfish at

Station 8. Again, due to the lack of suitable habitat for fish at

Station 2 (such as deep pools and/or fallen trees or stumps along the

shore), white bass (Morone chrysops) from 2.4 km downstream of Station 2 -

were used for the second fish species from the lower part of the study

area. An unsuccessful attempt was made at this location to catch either

redbreast sunfish or bluegills with fish baskets and rod and reel.

An initial collection was made in February as stated in the scope of

work. However, due to the time of the year and the low water tempera-

tures at the stations (.'ppro.imately 5°C), this collection was very

unsuccessful. A second trip was made in April; silver redhorse suckers

were collected at all stations except Stations 2 and 7, crayfish were

collected at all stations except Stations 4 and 7, and hellgrammites were

collected from Stations 4 and 7. At this time, the water temperature

being released from Hartwell Dam was 13C and few redbreast sunfish

___________________________
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or bluegills were caught. Therefore, a third collection trip was made in

May to complete tOe invertebrate and vertebrate collections. Alrhough

not abundant at Stations 6 ano 8, caddisfly larvae were collected from

the river stations instead of mayfly or stonefly larvae due to the

caddisfly's higher body weights and greater abundance below Station 2.

Chemical analyses were performed on only the April and May collections

because of the very limited collections in February. In July, the same

species were used at each station that were collected during the April

and May collections, except that green bullheads (Ictalurus brunneus)

were collected at Stations 4 and 7 since silver redhorse suckers were

scarce in the tributaries at this time of the year.

* Upon collection, all fish were identified and recorded in a field log

book. Each fish was then wrapped in aluminum foil with a label contain-

T. ing collection information (collection number, species, date, location,

method of collection, and fish length) included. The collection number

was written on the outside of the foil with a permanent marker. The

crayfish were identified and also recorded in the field log book. They

were then wrapped collectively from each station in aluminum foil and

placed in zip-lock bags with the collection information written on the

bag or they were placed in labeled 0.95-liter (1-quart) glass Mason jars.

A• Insect larvae were placed into precleaned 0.95-liter (1-quart) glass

Mason jars, drained of river water, and rinsed several times with

. deionized water. The jars were then capped with either Teflon'T or

aluminum-foil liners and labeled with the date, insect species, and

station number. All organisms were packed and maintained on wet ice at

4C prior and during shipment back to WAR's laboratory.

Upon arrival at WAR's laboratory, the crayfish and insect larvae were

logged-in, weighed, and frozen on dry ice. The frozen crayfish specimens

were then diced into 6.4-mm (1/4-inch) to 9.5-mm (3/8-inch) cubes and

blended with dry ice to homogenize and powder them. The powdered samples

were stored at -20"C until extraction. insect larvae were also stored

U• frozen at -20"C in either aluminum foil or in Teflon'-lined glass jars

until extracted.
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Upon arrival of the fish at WAR's laboratory, they were logged-in,

weighed, and the ident ificat ions checked. Any fish of uncertain identi-

fications (such as hybrids and crosses) were verified by Dr. Carter

Gilbert at the Florida State Museum, Gainesville, Florida. Following

routine observation for unusual appearances, etc., the samples were

P. gutted, skinned, and filleted. The fillets were chopped into approxi-

mately 6.4-inm (1/4-inch) cubes and subsequently frozen (each individual

cube) on dry ice. The pieces were then placed in a Mason jar and stored

at -20°C. Before extraction, the pieces were blended with dry ice to

homogenize and powder them. For composite samples, 20-gram aliquots of

each individual filleted fish were taken and blended together with dry

ice to homogenize them. The blended composite was stored at -20"C in a

Mason jar until extraction.as

All tissue extractions and analyses were performed in duplicate.

Analyses of the fish, crayfish, and insect larvae tissue samples were

performed according to the procedure listed in Table 3 (Source 7,

Section 211.13F), but modified by filtering the supernatant through a

vacuum filtration apparatus equipped with glass fiber filters and a small

amount of anhydrous sodium sulfate, instead of filtering it through a

12-cm Buchner funnel fitted with two shark-skin papers.
*

.. 1
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RESULTS AND DISCUSS ION

The following discussion is intended to summarize the data shown in

Appendices A through G and to highlight the trends in water quality

observed during the two major sampling periods (February and July, 1981)

q of the Richard B. Russell Preimpoundment Water Quality Study.

Station Characterizations (See Figures 3 through 32)

Within the study area, the riverbed of the Savannah River is relatively

straight with steep hillsides along both banks of the river and along its

tributaries. As noted in the Introduction, flow in this portion of the

Savannah River is governed by releases from Hartwell Dam during periods

of peak power generation. Fishing is the primary recreational use of the

Savannah River and some of its tributaries within the study area. Swim-

"ming and toating are less desirable due to the cold water temperatures

and the large flow fluctuations in the river. Extensive hunting for game

animals and birds (e.g., deer and turkeys, respectively) also occur along

the Savannah River and its tributaries within the study area.

No outfalls or other noticeable point sources of pollution were noted

within the study area, except for just upstream of Station II where the

outfall from the Bigelow-Sanford Carpet Factory is located. Except near

Station 9, no houses are located adjacent to the Savannah River or along

"its tributaries in the vicinity of the water sampling locations.

Vegetation iii the vicinity of the sampling locations (Table 5) can be

"grouped into aquatic, streambank, and upland communities. Aquatic vege-

tatior, is that which occurs in the river or stream channel and may be

either submerged or emergent. Streambank vegetation is that which occurs

immediately adjacent to the stream channel; it may occupy a "ledge" or

floodplain along the Savannah River (Stations 1, 2, 6, 8, and 10) or it

may simply overhang the banks of a narrow sZream channel (at tributary

"Stations 3, 4, 5, 7, and 9). The upland communities occupy the hillsides

and are seldom, if ever, flooded.

S"M
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Figure 3. Station 1--Sayannah River View Lookin'g Upstream Toward
Richard B. Russell Dam Site--November 20, 1981

3Figure 4. Station 1--Savannah River View Looking Upstream f rom Boat Ramp
Toward Diversion Channel on West Side of Richard B. Russell
Dam Site--February 1.1, 1981
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Figure 5. Station 2--Savannah River View Looking Upstream Toward Future

;.South Carol in a/Georg ia State Highway 72 Bridge Location and

•. Present South Carolina/Georgia State Highway 72 Bridge--

November 20, 1980

SFigure 
6. Station 2--Savannah River View Looking Upstream from Present

, South Carol ina/Georgi a State Highway 72 Bridge Toward Location

of New Seaboard Coast Line Railroad Bridge--January 13, 1981

.
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*Figure 7. Station 2-Savannah River View Looking Downstream from Present
South Carol ina/Georgia State Highway 72 Bridge Toward Future

V South Carolina/Georgia State Righway 72 Bridge--January 13,
1981
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Figure 8. Station 6--Savannah River at South Carolina State Highway 184
Bridge (Upstream View)--November 20, 1980
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Figure 9. Station 6--Savannah River View Looking Upstream from South
Carolina State Highway 184 Bridge--January 14, 1981
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Figure 10. Station 6--Savannah River View Looking Downstream from South

Carolina State Highway 184 Bridge--January 14, 1981
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Figure 11. Station 8--Savannah River at South Carolina State Highway 181
.:2" Bridge (Upstream View)--November 20, 1980

f-

Figure 12. Station 8--Savannah River View Looking Upstream from South
Carolina State Highway 181 Bridge--November 20, 1980
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Carolina State Highway 181 . ,,,. ... ..... 1.980.... ..

Novembe 20 1980
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•.-.Figure 13. Station 8--Savannah River View Looking Downstream from South
.i" Carolina State Highway 181 Bridge--November 20, 1980
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Figure 15. Station 10--Savannah River Downstream of U.S. Highway 29
Bridge (left side of photo) During Period When No Water Was
Being Discharged from Hartwell Dam for Power Generation--
November 20, 1980
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Figure 16. Station 10--Savannah River View Looking Upstream Toward
U.S. Highway 29 Bridge and H-artwell Dam During Period When
Water Was Being Discharged from Hartwell Dam for Power
"Generation--January 15, 1981
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. Figure 17. Station lO--Savannah River View Looking Downstream from
,.•'"U.S. Highway 29 Bridge During Period When No Water Was Being
SDischarged from Hartwell Dam for Power Generation--

November 20, 1980
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Figure 18. Station 3--Rocky River View Looking Upstream from Abbeville
County Road 64 Bridge During Pe iod When Water Level Was Low

-," (sandbar exposed)--January 14, 1981
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Figure 19. Station 3--Rocky River View Looking Downstream from Abbeville
County Road 64 Bridge During Period When Water Level Was Low
(no water being discharged from Secession Lake Dam)--
January 14, 198i

IA

Figure 20. Station 3--Rocky River View Looking Downstream from Abbeville
County Road 64 Bridge Following the 7.1-Centimeter Rainfall
on February 10 and 11, 1981--Fehruary 11, 1981
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|Figure 22. Station 4--Beaverdam Creek Approximately 50 Meters Downstream
of Bridge at Station (Downstream View)--January 13, 198.1



Figure 23. Station 4--Beaverdam Creek View Looking Downstream from
Bridge at Station With Normal Water Flow Present-
"January 13, 1981
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Figure 24. Station 4-Beaverdam Creek View Luoking Downstream from

Bridge Following the 7.1-Centimeter Rainfall on FebruLry 10
and 11, 1981--February 11, 1981
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Figure 27. Station 7--Little Generostee Creek View Looking Upstream from
Bridge on Extension of South Carolina State Highway 187- "
January 14, 1981

Ii

Figure 28. Station 7--Little Generostee Creek View Looking Downstream -

from Bridge on Extension of South Carolina State
Highway 187--January 14, 1981
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Figure 31. Station 11--Downstream of the Bigelow-Sanford Carpet Factory
Discharge (water color was green)-July 15, 1981

Figure 32. Station 12--Upstream of the Bigelow-Sanford Carpet Factory

Discharge (water color was slightly reddish-brown due to silt
and clay in the water)--July 15, 1981
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Table 5. Richard B. Russell Preimpoundhent Study-Vascular Flora Cbserwd Near Water
Qxiality Sampling Stations

Gcumrn N~i Species Nam

Trees and Woody Shrubs

Loblolly Fine Pinus t~eda

Black Wi-llcw Saflx nigrra

Eastern Red Cedar Juniperus, virginiana

Box Elder Acer ngiid

Red ýiaple A. rubran

Sugar Maple A. saccarirun

9.,cetgu-n Liquidmrbar straciflua

Sycamore Platanus occ~identalls

Waite Ash Fraxinus arrericana

Green Ash F. permsylvanica

Alder B Alnus serrulata

River BirrhBetula~nga

White Oak Quercus alba

SouthernI Red Oak _q. falcata var. falcata

Cherrybark Oak q. fakan-ta var. pagodaefolia

Water Oakq ir

Willow Oak Q. plao
Pted Oak Q ir

Post Oak q. stellata.

Bitternut Hickory Carya cordiformis

Pignut Hickory C. glabra.

Mockernut Hickory C. tarentosa

Walnut Jugan ngr

Black Cherry Prnmus vriin

alackgum Nyssa sylvatica

Hackberry Celtis occidentaLis

Winged Elm Ulm-, alata
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3 ~Table 5. Richard B. Russell Preimpouniimfl Stixly-VascularnFora Observed Near Wa~ter
Qiaity Sampling Station-, (Continue~d, Page 2 of 4)

Common Nan-e Species bNam

Trees and Woody Shrubs ((bntinued)

American Elm U. americana

Americrn Holly Ilex opaca

Persirmnr~ Diospyros virginiana

Tulip Rbplar Liriodexniron tul-ipifera

Basswoo Tilia americana

American Beech LAM~ graniiif lora

Hophornbeam Ostrya virginiana

Ironwood caroliniana.

Dog-uod Carnus florida,

Stiffcornel Dogwood Cornus. stricta

Sourwood Oxydenrxlnz arbxremr

Red ?iilberry lbrus rubra

Redbud Cercis canadensis

Black locust Robinia psuo-acacia

Tndigo-Bush Aopefruiticosa

air tonbush Cephalanthis occidentalis

Elderberry Sambucus canadensis

laucothoe teucothoe populifolia

!ýbuntain laurel Kalmia. latifolia

Wild Azalea Rhidodendron sp.

Tree Sparkieberry Vacciniixn arboreun

Blueberry (2 species) V. 9w'.

Privet Ligustrum japonictin

PwpawAsimdna triloba

Sassafras Sassafras albidun

Blue Haw Viburnun rufidulun

Devil'&s4alking-Stick Aralia. spinosa

.............................................................
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Table 5. Richard B. Russell Preimpo~nhent Study-VescularnFora Observed Near Water
Qiality S-ampling Stations (Continued, Page 3 of 4)

Cwm~n Nane Species Name

Trees and W'xxy Shrubs (Continti-d)

American Beautybush Callicarpa americana.

Tre---of-Heaven- Ailanthus altissima

winged Sx-.1c Rhis copalli-na

Gxrrrn Stmoc R. glabra

P1ison Surnac R. mernlx

Vines

I -: Poison Ivy Rhus radicans

Greenbrier Smilax lua

Cinnamon Vinhe Dioscorea b&t-atas

Passionfloý,-r Passiflora incarnara

No Camin N,-tn P. lutea

Crossvixe Anisosticus capreolata

Climbing hydrangea Decumaria barbara

PJapanese Honeysuckle Lonicera japonica

Trumpet Creeper Campsis radicans

Virgin~i Creeper Parthenocissus quinquefollia

Partridgeberry Mitchella repens

Herbs

.1adaw Selaginella Selagiriella. apoia

Thelypteris Fern Thelypteris sp.

Christmas Fern Polystich-n acrostichoides

Elxxiy Spleenulort Asplenliri platyneuron

Sedge CazL-ex sp.

River Oats Chasmanthlixn latifolla

Comm n tiola Uniola latifolia

a MA~4 -".
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Table 5. Richard B. Russell Preimpouxndment Study-Vascular Flora Observd Near Water
Quality Sampling Stations (Continued, Page 4 of 4)

Camx Name Species Name

up
Herbs (Continued)

Wild Bamboo Arundinaria gigantea

Panic Grass Panicum sp.

Soft Rush Juncus effusus

Wild Onion Allium sp.

Wild Ginger Asarum canadense

* Dayflower Camelina sp.

Yellowroot Xanthorhiza simplicissima

Downy Rattlesnake Plantain Goodyera pubescens

. Peppergrass Lepidium virginicum

Smartweed (2 species) Poly)• spp.

Impatiens, Balsam Impatiens balsandina

Curly Dock Rumex

Plantain Plantago virginica

Water Hemlock Cicuta maculata

Violet Viola floridana

Ironweied Sida acuta

False Nettle Boehmeria cylindrica

Liverleaf Hepatica americana

Blackberry Rubus penetrans

Dewberry R. trivialis

Partzidgepea Cassia fasciculata

Horseweed C canadensis

Joe Pyeweed Eupatorium fistulosum

SDog Ferm E. capillifolium

* Ragweed Ambrosia artemisiifolia

Fleabane Daisy Erigeron vernuus

Source: WAR, 1981.

g.".- ;6z . ,. •" . ... ...- ~.•-..I..-.rN''.,.•.'.•-- -/-4-/••J.• • •••`.- ,.•,. .<:" ,
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Stations I and 2--In the southern portion of the study area, the Savannah

River's riverbed is approximately 300 meters wide at Stations I and 2

(Figures 3-7). Extensive constru'-tion is taking place at both of these

"sampling locations. Station I is located just downstream of the Richard

B. Russell Dam site. Station 2 is located just upstream of the new

Georgia State Highway 72 bridge construction site and downstream of the

new Seaboard Coast Line railroad bridge construction site. At both of

these sampling locations (Stations I and 2) sand is the predominant sedi-

ment type. This is partially due to the erosion near the construction

sites upstream of the stations and also to the decreased water velocity

(particularly at Station I which is located essentially in the upper por-

tion of Clark Hill Lake). The resultant sandbars generally had little

vegetation (<5-percent cover), due to the fluctuating water levels,

although some vegetation occurred on the large sandbar on Savannah

River's east bank just downstream of the Richard B. Russell Dam site.

This vegetation mostly consisted of annual herbaceous species such 'as ..

horseweed (Conza canadensis), ironweed (Sida acuta), and grasses

(Poaceae). i~r birch (Betula nigra) and black willow (Salix nigra)

also occurred on thR large sandbar.

The excessive accumulation of sands at Stations 1 and 2 has severely

stressed aquatic vegetation and associated macroinvertebrate and fish

populations within the river. The sands have buried most of the rocks

and their attached algal and moss communities, and scour from suspended

sediments appears to have reduced the vigor and productivity of the aqua-

tic plants which remain.

Along the streambanks at Stations 1 and 2, the abovementioned herbaceous

L species also were present along with indigo-bush (Amorpha fruiticosa),

shining sumac (Rhus crpallina), alder (Alnus serrulata), and a number of

vine species. The adjacent uplands consisted of mixed pine and hardwood

forests, with approximately 90-percent canopy cover. The dominan* trees

consisted of post oak, mockernut hickory, sweetgum, blackgum, whiLer oak,

red oak, red maple, loblolly pine, and dogwood.

.-M
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Stations 6, 8, and 10--In the northern half of the study area, the

Savannah River is only about 150 to 200 meters wide at Stations 6, 8, and

10 (Figures 8-17). There are fewer sandbars and more areas of exposed
bedrock present in this portion of the Savannah River. Aquatic vegeta-

tion is more abundant at Stations 6 and 8, since there is less shifting

sand. However, at Station 10 aquatic vegetation is almost completely

absent due to the large variations in water velocity and temperature at

this station. When power is generated at 1artwell Dam, large volumes of

cold water are discharged downstream at high (scouring) speLds. When the

generators are shutdown, there is almost no flow at this station and the

ponded water temperature rises due to isolation. This combination of

high velocity water and large temperature flucuations would severely

stress any aquatic plants present at Statijn 10.

Streamside vegetation was relatively more inse at Stazions 6, 8, and 10

than at the other Savannah River stations. Although jogging had removed

the streamside forest at Stations 6 and 8 (25-percent cover), there were

dense growths of shrub, grass, and herbaceous species which prevented'

significant erosion. Streamside vegetation at Station 10 has a good tree

canopy (75-percent cover) since it is within a park and remains unlogged.

This tree canopy supports sycamore, river birch, black willows, green

ash, water oak, hackberry, and others. Shrubs were dense and consisted

of tree sparkleberry, two kinds of blueberry, wild azalea, mountain

r. laurel, leucothoe, elderberry, and buttonbush. In places, the stream-

banks were covered with a carpet of Selaginella, mosses, liverworts,

Christmas fern, and other herbaceous species.

The upland forests at Stations 6, 8, and 10 are similar to those at

Stations I and 2, but are more diverse. Canopy cover was about 95 per-

cent and the forest in the park at Station 10 is especially mature.

Station 3--At Station 3 on the Rocky River, water flow was also governed

by power generation upstream of the station at Secession Lake and Da,..

L The river channel at this station was approximately 30 meters wide and

Vo7
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water levels fluctuated from approximately 0.5 meter when no power was

q being generated to over I meter during power generation periods

j (Figures 18-20). Sediments present at Station 3 consisted predominantly

of coarse sand; no aquatic vegetation was observed in this harsh, shift-

inng sand environment. In the vicinity of Station 3, the stream channel

rJi ' is a box cut with sides 4 to 6 feet in height. This provides habitat for

only a few plants, including false nettle (Boehmeria cylindrica), river

oats (Chasmanthium latifolia), and a low panic-grass (Panicum sp.).

Streamside vegetation at Station 3 occupies a floodplain which was

recently logged. There are few large trees remaining, comprising less

than 5-percent cover. These include sycamore, river birch, green ash,

box elder, American elm, water oak, willow oak, and red maple. Shrubs

and small trees include American holly, stiffcornel dogwood, and persim-

L'. mon. Ground and vine cover is very dense and is almost impenetrable in

places. These species include blackberry, joe pyeweed, dogfennel, curly

dock, impatiens, two smartweeds, peppergrass, ragweed, muscadine, trumpet

:reeper, and Japanese honeysuckle. The uplands are in agri-ultural use

or in young, planted loblolly pines (45- to 65-percent canopy cover).

Station 4--Station 4 (Figures 21-24) on Beaverdam Creek was located down-

stream of the bridge. An old, defunct textile mill was located adjacent

to Beaverdam Creek in the vicinity of the station: however, most of the

buildings havo fallen down over the years. There was no evidence of any

mill discharge or seepage which would have affected the water quality

-- sampling at this station. The creek channel was approximately 30 meters

wide and the sediment was coarse sand with some ripple areas of exposed

rock present.

Aquatic vegetation was present but sparse. Herbaceous streamside vegeta-

"tion was dense and diverse, due to the relatively open canopy resulting

from logging. The vegetation was mostly wild bamboo and greenbrier.

* Other common species included river oats, false nettle, day flower,

trumpet creeper, Japanese honeysuckle, and poison ivy. Trees present
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included black willow, river birch, red maple, hackberry, and winged elm,

and formed a 45- to 65-percent canopy cover.

The upland forests at Station 4 also have been recently logged. At the

time of the field surveys, much of the upland soil was bare and heavily

eroded. Track scars from logging equipment were extensive. Trees and

shrubs were few and formed less than a 10-percent canopy cover. Ground

vegetation was composed of Japanese honeysuckle, muscadine, and many

herbaceous species.

"Station 5--At Station 5 on Coldwater Creek (Figures 25-26), there was a

small picnic area located on the upstream side of the bridge, but very

little use of this area was observed during the study. At this sampling

location (Station 5), the creekbed was approximately 14 meters wide and

the sediments were shifting, coarse sands.

Small sandbars present at Station 5 supported a sparse flora which was

probably washed away with every storm event. The species present con-

sisted of false nettle, a low panic-grass, dayflower, and seedlings of

sycamore and alder. No aquatic vegetation was observed.

K Streamside vegetation at Station 5 supported a diversity of t-ees,

although a large section of land had been cleared by the time of the July

"field survey. Dominant trees were sycamore, river birch, and water oak,

with tulip poplar, ironwood, sweetgum, and stiffcornel dogwood common.

Ground cover was dominated by Japanese honeysuckle, wild bamboo, and

common uniola.

The upland at Station 5 was forested (approximately 90-percent canopy

coverage) in mixed pine and hardwoods, being dominated by red oak, white
oak, loblolly pine, red maple, several hickories, and dogwood. A large

section of land had been cleared to the subsoil by construction activi-

"ties, and erosion was significant.
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Station 7--Of the creeks sampled during this study, Little Generostee

SCreek (Station 7) (Figures 27-28) ha- the greatest diversity of aquatic

habitats. The creek is approximately 15 meters wide and has a diversity

of aquatic habitats including: (I) shallow, rocky ripple areas;

(2) gently flowing portions with coarse sand substrate; (3) ledges and

small rapid areas literally covered with mosses; and (4) pooled areas,

some of which are 2 meters deep. During the summer, Station 7 areas are

used substantially for fishing, family outings, and some swimming.

During July, construction for the new bridge was taking place just

upstream of the present structure, and involved land clearing/moving on

both sides of the creekbed for the establishment of a higher roadbed

across the creek. A small (<0.5 meter), temporary rock dam also had been

consttected to provide a pooled area from which water could be pumped for

use in wetting down the new roadbed. However, water quality sampling was

performed upstream of this construction area and should not have been

affected.

Streamside vegetation at Station 7 was dominated by the typical community

of sycamore, river birch, black willow, alder, wild bamboo, and vines.

Also common were sweetgum, red maple, shining sumac, mountain laurel, and

Christmas fern.

In the upland areas of Station 7, erosion was significant in the areas

being cleared to subsoil for the new roadbed. The vegetation being Q

cleared consisted of mixed upland hardwoods and loblolly pine. In upland

areas outside of this construction area, the canopy coverage varied con-

siderably due to the recreational and cultural activities in the area.

In the infrequently used locations with intact forests, the canopy cover-

age was 85 to 95 percent.

Station Q--At Cedar Creek (Station 9) there is one house located on the

north side of the Georgia State Highway 77 Spur Bridge on a hillside

overlooking the creek. Although the actual effect is probably very L

minimal, this house could potentially affect the water quality at Station

9 due to runoff, the septic tank system, or the dogs in the yard which
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have fr!-e ;iccess to the creek. The creekbed is <15 meters wide and the

I water shallow (Figures 29-30). The substrate is prinarily shifting sand

and supports no aquatic vegetation.

Streamside vegetation at Station 9 supports river birch, water oak,

SChristmas fern, wild ginger, partridgeberry, leucothoe, and yellowroot.

"rhis community occupies a very narrow zone flanking the stream, and is

itself dominated by the upland forest with which it intergrades.

The upland forest at Station 9 supports loblolly pine, mockernut and pig-

"nut hickories, oaks (white, water, cherrybark, red, and southern red),

cedar, red maple, sweetgun, dogwood, sourwood, ironwood, red mulberry,

white ash, and American holly. The shrub cover was sparse and consisted

of mountain laurel, tree sparkleberry, and tree saplings. Partridge-

berry, downy rattlesnake plantain, and a thelvpteris fern comprised the

ground cover. Vines were abundant. Canopy co~rer for the streamside and

upland forest was 85 to 95 percent.I
Stations 11 and 12--Station 11 was located downstream of the Bigelow-

"Sanford Carpet Factory discharge and Station 12 was added in July just

upstream of this discharge. The streambed at these locations was

<2 meters wide and generally <0.3 meter deep (Figures 31-32). Downstream

of the carpet factory discharge, the water was stained a dark color due

to the presence of dye in the water (see section Results, Water Quality).

Upstream of the carpet factory discharge, the water was only slightly

* turbid due to the presence of suspended clay in the water. Portions of

"the stream were rocky and others had a silt-clay substrate. The rocks

had some mosses and algae on them, but the plants were probably being

stressed due to the dye and silt-clay load.

Streamside vegetation at Stations 11 and 12 was sparce and was dominated

by the upland forest. It was comprised mostly of leucothoe, elderberry,

Christmas fern, and false nettle.i

Ib

1•' •' ,
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The upland forest was dominated by lohlollv pines and mixed hardwoods.

Much of this area was in planted loblolly pine plantations with about

25- to 40-percent canopy cover. Cover in the mixed forest was very

dense, generally boing over 95 percent.

Stream Flows

Data was obtained from the U.S. Ceological Survey (USGS) in Columbia,

South Carolina for water gage levwls on the Savannah River near Calhoun

Falls, South Carolina (USGS Station No. 02189000) and near Iva, South

Carolina (USGS Station No. 02187500). The locations of the water gaging

stations are shown in Figure I (see section Methods and Techniques).

Flcw ata at the Calhoun Falls station is no longer accurate doc" to

alteration of L'-- river channel during construction of the new Georgia

State Highway 72 bridge. Therefore, only the mean gage height data is

available for this station. Appendix A contains a summary of the avail-

able flow data for the study area. Monthly averave flows for January

through July at the Iva Station are listed in Appendix A, Table A-I.

Daily average gage heights at both stations are also listed for I week

prior to and the week of each water quality sampling period (Table A-2).

Table A-3 p.7esents the monthly average discharge rates from Hartwell Dam

for 7 years prior to this study. From this table (Table A-3), it is evi-

dent that there is no consistent trend in mean monthly stream f)ow data

for the Savannah River. The flow in the river is primarily dependent on

the power generation demands at the Hartwell Dam generating station.

On a daily basis, however, a chronological trend can be determined from

the data shown in T able A-2. Since power is not usually generated at

Hart ell Dam during the weekends, flow in the river is greatly reduced.

Monday through Friday the flow in the river is greater due to the large

volume of water released during power generation. Although the effects

of the 7.1-cm rainfall in February (Table A-4) were visually very

apparent in the Savannah River (due to increased turbidity), the rise in

water level was masked by the normal increases during power generation.
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In the tributaries, however, increases in both turbidity and water level

were visually very apparent.

Water Oualitv

Complete meteorological, in situ, and laboratory water quality results

for the Savannah River and its tributaries are presented in Appendices B 4

and C. In situ and water quality sampling was performed at each of the

designated stations on February 9, 11, and 13 and July 13, 15, and 17.

Sampling during February was representative of cold temperatures and high

flow conditions (caused by a storm event with 7.1 cm of rainfall on

February 10 and 11). Sampling duriný July was representative of warm

temperatures and low flow conditions. In addition, a diel (diurnal plus

nocturnal) study was conducted (Stations 2, 3, 4, and 10 on July 16 and
17) with samrling at 3-hour intervals for 24 hours. The diel sampling

was not per~ormed in February due to the heavy rainfall in the area on

February 10 and 11. The rainfall caused high water levtls and suspended

solid loads within the Savannah River and its tributaries (due to exces-

sive watershed runoff), which would have masked any changes in water

quality during a diel study. Also, due to the low (near OC) tempera-

tures, high dissolved oxygen levels (approaching or above saturation),

and high stream' flows present in February, one would not expect signifi-

cant nocturnal/diurnal-type changes to occur in the water quality of the

Savannah River and its stxear, environments.

Generally, the water quality of the Savannah River and its tributaries

, within the study area is of Rood quality. Results of the field sampling

and water quality sampling presented in Appendices B and C are summarized

in Tables 6 and 7, respectively, which list the ranges and means at each

station for each of the parameters analyzed in February and July. The

primary factors accountin,- for the variability found during the February

and July sampling periods would be the:

1. Seasonal changes,

2. Heavy rainfall (7.1 cm) during the February sampling.

qC
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3. Normal daily changes in temperature and illumination during the

diel sampling in July, and

4. Flow fluctuations in the Savannah and Rocky Rivers due to

periodic water releases from Hartwell and Secession Lake Dams

during power generation periods.
U

At all stations in February, water temperatures were 8°C or less (Appen-

dix B). On February 9 and 11, the water temperatures were fairly uniform

between all stations, but were slightly lower on February 11 following

the passage of the cold front and associated rain. On Februarv 13, the

water temperature at all stations had dropped several more degrees, with

the coldest temperatures found in the smaller tributaries (overall mean

of 3.2 0 C).

By July, the water temperatures in the tributaries had warmed-up to

between 23 and 25°C, and were faiily uniform between stations. The

exception to this was Station 3 on Rocky River, which is downstrcam of

Secession Lake and under the influence of the power plant discharges at

the Secession Lake Dam. The water at this station was slightly cooler
i/

(but <5°C difference) than in the other tributaries 'Table 6). Since no

power had been generated at Hartwell Dam during tl-,e weekend with cor-

respondingly large releases of water, water temperatures in the Savannah

River were comparable to those in the tributaries on July 13 (Monday).

Following periods of power generation, the water temperature in the

Savannah River was approximately 10C lower during the remainder of the

week.

Specific conductance data (see Appendix B) was converted to umhos/cm at

25*C to make the values comparable, since conductance increases

approximately 2 percent for each I°C increase in temperature (Hem, 1959).

Snecific conductance values in February at Stations 1 through 10 were

fairly uniform with all values between 28 and 58 umhos/cm (Table 6). No

areal trends were apparent. Values were slightly higher in July
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(particularly in the tributarie3) with all values ranging between 32 and

109 amhos/cm. The conductivity at Station 11 (see Figure 1 and Table 1)

in February and July was 148 and 265 umhos/cm, respectively. Since these

"values were considerably higher than at other stations, additional

sampling in this stream was performed in July at Station 12, which was

located above the influence of the Bigelow-Sanford Carpet Factory dis-

charge. Conductivity at this location was 151 umhos/cm, approximately

"100 umhos/cm lower than at Station 11 in July.

No areal trends were observed in dissolved oxygen levels in February

since all stations were near (>90 percent) or above the saturation level

(Appendix B). In July, dissolved oxygen levels and percent saturation

values were lower, but were stili >5.0 mg/i (55-percent saturation).

Anaerobic conditions were not encountered at any of the sampling sites

Sduring the study.

In February, pH values for all stations ranged between 3.5 and 6.7, and

in July pH values ranged between 5.5 to 7.6. The lowest value (3.5) was

found just downstream of Hartwell Dam (Station 10) on February 13 (Appen-

dix B). The reason for this low value is unknown and may be due to meter

malfunction since the alkalinity value at this station does not indicate

that the pH would be this low. All oxidation-reduction potentials (ORP)

in this report have been referenced Lo the Pt/H 2 ,H system. In general,

"" ORPs ranged from +407 mv (Station 5, February 11) to +669 mv (Station 10,

February 13) during both February and July. ORPs aL Stations 11 and 12

were not significantly lower than at the other stations. These ORP

levels are characteristic of nighly oxygenated waters throughout the

southeastern United States. In deepwater lakes and reservoirs, which in

the summer become anaerobic near the bottoms, the ORP values can drop

below zero. Neither ORP nor dissolvea oxygen levels, just downstream of

Hartwell Dant, indicate any anaerobic or anoxic water being released.

Several areal and chronological trends in color, turbidity, and total

ncnfilterable residue levels were detected during the February and July

-)
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F.sampling periods. Color in water principally results from degradation

processes in the natural environment. Although colloidal forms of iron

and manganese occasionally are the cause of color in water, the most

common causes are complex organic compounds originating from the decompo-

sition of naturally occurring organic matter. Surface waters may appear

-' colored due to suspended matter which comprises turbidity, but such color

is referred to as apparent color and is differentiated from true color.

Turbidity and total nonfilterable residues consist primarily of organic

and inorganic particulate matter or solids in the water. Color and

tarbidity increases have both aesthetic and functional effects. Colored

or turbid water interferes with recreational uses of water due to the

decrease in both the aesthetic enjoyment of the water and the functional

Lj use for swinaming and other water contact sports. Highly turbid waters

can be dangerous for swimming due to the possibility of unseen submerged

hazards and the difficulty in locating swimmers in danger of drowning
['. (EPA, 1976). Principally, the effects of color and turbidity on aquatic

life:

1. Reduce light penetration and thereby photosynthesis by

phytoplankton and plants,

2. Restrict the zone for aquatic plant growth,

3. Reduce primary productivity and subsequently fish populations,

4. Increase fish egg hatching mortality, and

5. Reduce or cause changes in diversity of macroinvertebrates when

streambeds become covered with settleable solids.

In February, color, turbidity, and total ncnEilterable residue levels at

Stations 1 through 10 were generally low on the first day of sampling,

with overall means of 32 Pt-Co units, 5.9 FTU, and <6 mg/l, respectively

(Appendix C). Following the 7.1-cm rainfall (Table A-4), watershed

runoff increased the levels of these parameters by one to two orders of

magnitude on February 11 at all stations, except just downstream of

Hartwell Dam at Stations 8 and 10. Flow at these two stations is

primarily from discharges from the hypolimnion of Hartwell Lake during

power generating periods. By February 13, levels at all stations were

C%.
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beginning to return to normal. In July, color, turbidity, ana total non-

filterable residue levels remained relatively uniform in the tributaries

(Stations 3, 4, 5, 7, and 9) during all 3 sampling days (July 13, 15, and

17). Levels in the Savannah River were slightly higher at Stations I and

2 on the first sampling day (means of 69 Pt-Co units, 37 FTU, and 26 mg/l

for color, turbidity, and total nonfilterable residue, respectively)

compared to the other river stations. Since power was not generated over

the weekend on July 11 and 12, flow in the river was redced primarily to

that of tributary waters which had higher color and turbidity levels.

Following power generation at Hartwell Dam on Monday and Tuesday (July 13

and 14), color, turbidity, and total nonfilterable residue levels

decreased at Stations 1 and 2 to means of 27 Pt-Co units, 6.4 FTU, and

9 mg/l, respectively, due to dilution of the tributary water by hypolim-

netic water from Hartwell Lake.

Station ii (located downstream of the Bigelow-Sanford Carpet Factory dis-

charge) had very high color levels (300 to 400 Pt-Co units) in both

February and July. In February, the water was a definite purple color;

in July, it was green due to the presence of dye in the water. The dye

"concentrations were high enough to dye the ropes used to attach the peri-

phytometers and Hester-Dendy samplers. Additional sampling was performed

in July at Station 12 upstream of the carpet factory discharge. Turbid-

ity and nonfilterable residue levels at Station 12 were still slightly

elevated due to the presence of red clay suspended in the water, but the

"color concentration was considerably lower (Appendix C).

Generally, the water of the Savannah River and its tributaries within the

study area carn be classified as soft [<75 milligrams (rn,) of calcium

carbonate (CaCO 3 ) per liter (1) (mg CaCO3 /l)] (Durfor and Becker,

1964; EPA, 1976) based on the measured hardness values (Appendix C).

Alkalinity and hardness are both expressed in mg CaCO3 /1. Alkalinity

is the sum total of components in the water that tend to elevate the pH

* of the water above a value of approximately 4.5. These components are

primarily carbonates and bicarbonates in neutral to slightly acidic

I
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freshwater. Therefore, alkalinity is a measure of the waters buffering

capacity, and since pH has a direct effect on organisms (as well as an

indirect effect on the toxicity of some pollutants in the water), the

buffering capacity is important to water quality. Water hardness is

caused by the polyvalent metallic ions dissolved in the water. In. fresh

water, these ions are principally calcium and magnesium. Values for

alkalinity and hardness at Stat:-,s I through 10 were generally <50 and

25 mg CaCO 3 /1, respectively. Large areal or chronological variations

in alkalinity and hardness were not found; however, slightly higher

alkalinity values were found at most sampling locations on Fcbruary 9,

prior to the heavy (7.1-cm) rainfall. At Stations 11 and 12, alkalinity

and hardness values were also slightly higher with a corresponding

increase in calcium levels (means of 58 mg CaCO 3 /1, 44 mg CaCo 3 /l,

and 9.3 mg Ca/l for alkalinity, hardness, and calcium, respectively)

(Appendix C).

Chloride (CO) levels varied (generally between I and 8 mg Cl/l) with the

highest levels found at Station 11 (mean of 10.5 mg Cl/I) and the lowest

levels found just downstream of Har.well Dam at Stations 8 and 10 (over-

all mean for February and July water quality data of 2.9 mg Cl/l).

Station 4 on Beaverdam Creek also had siightly higher chloride levels

(mean of 7.0 mg Cl/l) compared to the other tributaries (Appendix C and

Table 7).

Dissolved and total iron (Fe) concentrations in February were less than

1.0 mg Fe/I at Stations I through 10 on February 9. Following the heavy

(7.1-cm) rainfall on February 10 and li,•iron concentrationsýincreased ,{-. .

greatly in the lower portion of the Savannah River and its tributaries,

with mean total iron concentrations >15 mg/I at Station 2 in the Savannah

River and in Rocky River, Beaverdam Creek, Coldwater Creek, and Little

Generostee Creek (Appendix C). As noted previously, turbidity also

increased greatly at these stations due to watershed runoff following the

February heavy rainfall. Since iron is a major constituent of clay soils

which predominate in this area, the increase in suspended clay and asso-

ciated iron would account for the increased total iron concentrations.

I
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Along with turbidity, iron concentrations had practically returned to

normal by February 13. During July, total and dissolved iron concentra-

tions followed the same trend as turbidity at Stations I through 10.

Levels were slightly elevated in the lower portion of the Savannah River

on July 13 (mean total iron concentration of 1.93 mg Fe/l for Stations 1

and 2). This was due to the absence of power generation the previous

weekend, decreased river flow, and increased influence of tributary

waters with associated higher turbidity, suspended clay, and iron levels.

Dissolved and total iron concentrations found downstream of the Bigelow-

Sanford Carpet Factory discharge outlet were comparable to levels in the

-: other tributaries. The iron concentrations upstream of the discharge

were higher (total iron concentration of 4.19 mg Fe/l) than at Station 11

(1.66 mg Fe/l) in July, but again, this was probably due to the higher

turbidity and associated suspended clay at that location. In general,

iron cor-:entrations were within the range expected in slightly acidic

surface waters where clay is the predominant soil type (Hem, 1959).

Mean dissolved and total manganese (Mn) concentrations were always

<1 mg Mn/l at all stations during both February and July sampling

periods, with most concentrations near or below the detection limit

(0.05 mg Mn/l). Concentrations in the tributaries were only slightly

higher than in the Savannah River, with the levels found comparable to

levels in flowing freshwater streams and rivers throughout the southeast-

ern United States (Hem, 1959; EPA, 1976). In waters low in dissolved

solids, the proportion of potassium to sodium may be nearly I to 1. This

condition is probably most common in waters associated with sialic

igneous rocks such as those dominant in the study area. Sodium concen-

trations over 5 mg Na/l, however, are usually accompanied by smaller

relative amounts of potassium. The concentration of potassium seldom

rises over 15 mg K/i in ordinary surface waters and is usually 10 mg K/1

or le-s (Hem, 1959). These levels agree with concentrations found in

this study. In general, there was a slight increase in total potassium

concentrations (to a mean of 3.5 mg K/I for Stations I through 10) and a

slight decrease in total sodium concentrations (to a mean of 2.6 mg Na/l)
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on February 11 following a heavy (7.1-cm) rainfall compared to mean

concentrations of 1.5 mg K/1 and 3.3 mg Na/i for Stations 1 through 10 on

February 9. No detectable trends were found at Stations I through 10 in

July and the mean potassium and sodium concentrations were 1.80 and 4.20

mg/l, respectively. In both February and July, potassium concentrations

were only slightly greater below the Bigelow-Sanford Carpet Factory

discharge (mean 5.84 mg K/I), but levels of sodium were significantly

higher (mean 27.68 mg Na/i) than in the other tributaries. These

increased levels apparently are related to the carpet factory discharges

since the July potassium and sodium concentrations found upstream of the

discharge (replicate means of 1.56 and 8.02 mg/l, respectively) were

comparable to those found at the other stations.

Total organic carbon (TOC) values were again higher in the lower portion

of the Savannah River (mean of 5.8 mg C/I at Stations I and 2) and its
tributaries (mean of 5.6 mg C/i) on February 11, following the 7.1-cm

rainfall, than on February 9 or 13 (mean of 2.2 mg C/I on both days for

the same stations). Although no areal or chronological trends are appar-

ent in July, the values at each station generally were higher (overall

mean of 5.3 mg C/i) than in February (mean of 2.9 mg C/1). These ele-

vated TOC levels are probably due to increased phytoplankton populations

present in the water during July. TOC levels at Station 11 were 4 to 6

times greater than at any other sampling location in February or July.

2j Mean daily concentrations for Station 11 were 16.0 and 32.3 mg C/I in

February and July, respectively. Again, these elevated TOC levels appear

to be related to the Bigelow-Sanford Carpet Factory discharge since TOC

levels in the stream upstream of the discharge (Station 12) were lower

(mean of 3.3 mg C/I in July) and comparable to those found at the other

L .stations (Table 7).

Free CO2 concentratioits (as determined by alkalinity titrations) showed

no significant areal concentration trends during either February or July

at Stations 1 through 10. Values for these stations were generaliy lower

in July (overall mean of 15 mg CO2 /1) than in February (overall mean of
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39 mg C0 2 /1) at all stations. Free CO2 levels at Station 11 were

significantly lower (11 and 2 mg CO2 /1 in February and July, respec-

tively) than at the other stations during both sampling periods. How-

ever, these depressed levels were just as low above the Bigelow-Sanford

Carpet Factory discharge (2 mg CO2 /1 at Station 12) in July as were

Station 11 levels.

Nitrogen (N) can occur in several forms in freshwater rivers and streams.

These forms include nitrate, nitrite, and ammonium ions. Nitrate is

formed by the complete oxidation of ammonium ions by soil or water micro-

t organisms. Nitrite is an intermediate product of this nitrification

process and is formed by partial oxidation of ammonium ions or reduction

Uof nitrate. In oxygenated natural water systems, nitrite is rapidly

oxidized to nitrate. Growing plants can assimilate either nitrate or

ammonium ions and convert them to protein. The toxicity of aqueous

solutions of ammonia is due to the dissolved un-ionized form of ammonia

(NH 3 ), and is very dependent upon both temperature and pH as well as

the concentration of total ammonia. As temperature and pH increase, the

concentration or percentage of NH3 increases. This is due to the shift

in the equilibrium relationship among NH3 , NH4 , and OH ions.

Among the major point sources of nitrogen entry into water bodies are

industrial and municipal wastewaters, septic tanks, and feedlot runoff.

Diffuse sources of nitrogen include farm-site fertilizer and animal

V• wastes, lawn fertilizer, leachate from waste disposal in dumps or

sanitary landfills, atmospheric fallout, nitric oxide and nitrite

discharges from automobiles and other combustion processes, and losses

K from natural sources sach as mineralization of soil organic matter

(EPA, 1976).

Total ammonia, nitrate plus nitrite, total Kjeldahl nitrogen (TKN), and
oe: dissolved TKN levels generally were slightly higher in the tributaries

than in the Savannah River, and only increased slightly following the

heavy (7.1-cm) rainfall in February (Appendix C). No substantial

increases or decreases were found when comparing the February levels at
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each station to those in July. In the Savannah River, TKN and dissolved

TKN concentrations were near or below the detection level (0.25 mg N/l)

at all sampling locations. Levels of nitrate plus nitrite nitrogen at

Station 11 (mean 0.27 mg N/l) were comparable to those found at the other

stations. However, total ammonia in February (mean 1.8 mg N/l), and TYN

no and dissolved TKN levels in both February (mean of 2.92 and 2.49 mg N/l,

respectively) and July (means of 3.35 and 1.17 mg N1i, respectively) at

Station II were approximately one order of magnitude higher than in the

other tributaries. These elevated levels appear to be related to the

Bigelow-Sanford Carpet Factory discharge, since concentrations of these

t[ parameters were again lower upstream of the discharge at Station 12 with

replicate means of 0.014, <0.25, and <0.25 mg N/I, respectively, for

L• total ammonia, TKN, and dissolved TKN.

On February 9, mean concentrations at Station I through 10 for total

phosphate, orthophosphate, and dissolved orthophosphate were 0.033,

<0.009, and 0.012 mg P/l, respectively. Total phosphate, orthophosphate,

and dissolved orthophosphate increased on February 11 by approximately

one order of magnitude in the lower portion of the Savannah River and in

its tributaries following the 7.1-cm rainfall on February 10 and 11. By

February 13, these levels had again almost returned to the prerainfall

levels. Since the sources of phosphate include organic wastes, soil

leaching, and phosphate fertilizers, increases in phosphate levels would

{.J not be unusual following a heavy rainfall and associated watershed

runoff.

- Values for orthophosphate and dissolved orthophosphate on July 15 are

believed to be inaccurate based on replicate sample variation. However,

.L total phosDhate concentrations on July 15 seem to be consistent with

levels found on other days and the rest of the data. A comparison of

orthophosphate and dissolved orthophosphate values for July 13 versus

July 17, and a comparison of total phosphate values for all 3 sampling

days (July 13, 15, and 17), indicate higher phosphate levels in the trib-

utaries than in the Savannah River. Similar comparisons also indicate
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slightly elevated levels in the lower portion of the Savannah River on

July 13 prior to passage of the water surge following power generation

that day. During July, mean total phosphate (P) levels in the tribu-

taries and in the Savannah River were 0.165 and 0.036 mg P/l, respec-

tively.

Due to the inaccurate orthophosphate and dissolved orthophosphate values

in July, it is not clear if the elevated orthophosphate levels found at

Station 11 in February (replicate means of 0.184 and 0.178 mg P/l,

respectively, for orthophosphate and dissolved orthophosphate) are

related to the Bigelow-Sanford Carpet Factory discharge, or are charac-

teristic of the water upstream of the discharge. However, total phos-

phate levels were higher at Station 11 during both February (replicate

mean of 0.423 mg P/1) and July (replicate mean of 0.928 mg P/0), and

appear to be related to the discharge since the total phosphate concen-

tration was one order of magnitude lower upstream of the discharge in

July (replicate mean of 0.091 mg P/0).

BOD and chemical oxygen dematuc (COD), together with TOC, provide an index

to the degree of organic pollution present in the water. BOD is a

measure of the equivalent amount of oxygen required to remove organic

matter from the water in the process of decomposition by aerobic

bacteria. COD is a measure of the equivalent amount of oxygen required

to remove all organic matter from the water. Therefore, COD values will

usually be higher than BOD values. Following the 7.1-cm rainfall in

- February, BOD levels slightly increased at all stations from a mean of

* i. 1.5 mg/l to 3.8 mg/l, but COD levels substantially increased in the lower

portion of the Savannah River and its tributaries from a mean of 7.2 mg/l

to 37 mg/l. These elevated BOO and COD levels would be expected with the

excessive watershed runoff following the February heavy (7.1-cm) rain-

fall. No apparent trends w~re found in July in BOD (most values were

below the detection level of I mg/l) and COD (range 1.4 to 13.0 mg/l,

mean 6.9 mg/i) levels with values comparable to the prerainfall values

found in February. BOD and COD levels downstream of the Bigelow-Sanford

2-
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Carpet Factory outlet were 10 mg/l and 54 mg/l, respectively, in February

and 16 mg/l and 79 mg/l, respectively, in July. Upstream of the dis-

charge at Station 12, BOD and COD levels were more than 10 times lower

than at Station 11 in July, with BOD <1 mg/i and COD 2.7 mg/l.

Chlorophyll-a levels were relatively uniform at all stations in February,

including Station 11. However, in the lowet portion of the Savannah

River and in Beaverdam, Coldwater, and Cedar Creeks, no chlorophyll

determinations could be made following the February heavy (7.1-cm) rain-

fall due to the excessive amount of clay and suspended material in the

water. In July, just downstream of Hartwell Dam, the chlorophyll levels

were near or below the detection level (mean 0.26 ug/l). This could be

* expected since water is withdrawn from the hypolimnion o[ Hartwell Lake

during power generation. Release of this water also reduced chlorophyll

levels in the remainder of the Savannah River within the study area (mean

<1.0 ug/l) compared to its tributaries (mean 3.15 ug/l) in July. The

highest chlorophyll levels were found in July in Beaverdam Creek (mean

7.08 ug/1), which has an extensive drainage area that would permit phyto-

plankton populations to develop. In Appendix C it appears that at

Station 11 the chlorophyll-a level was exceedingly high (approximately

410 ug/l) in July. As noted previously, however, there was a substantial

concentration (color level of 300 Pt-Co units) of green dye present in

the water downstream of the Bigelow-Sanford Carpet Factory discharge.

Ke This green dye would react at the same wavelengths as chlorophyll during
the chlorophyll analysis, and accounts for the apparently high value

found at Station 11.

Bacteriologv

One of the most frequently applied indicators of water quality is

coliform bacteria which are considered Drimary indicators of fecal

contamination. The coliform group is inade up of a number of bacteria

including the genera Klebsiella, Esche-ichia, Serratia, Erwinia, and

Enterobacteria. Total coliform (TC) bacteria are all gram-negative

asporogenous rods and have been associated with feces of warmblooded

IL...-. .... . . . .. . . . . . .~
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animals and with soil. The fecal coliform (FC) bacteria, which comprise

a portion of the TC group, are able to grow at 44.5*C. They have proven

to be of more sanitary significance than the use of TC bacteria because

they are restricted to the intestinal tract of warmblooded animals (EPA,

1976). Fecal streptococci (FS) also are found in the feces of warm-

- blooded animals and the ratio of FC to FS is useful in deteimining the

type of pollution present. FC to FS (FC:FS) ratios >4.1 are indicative

of human sources and ratios of <0.7 are indicative of farm animal

(nonhuman) sources of contamination (American Public Health Association,

et al., 1980).

Bacteriological results for February and July are included in Appendix C

with data summarized in Table 7. Sample analyses were completed for all

collections in February except for TC at Statioas 11 on February 13 when

the colonies were too rumerous to count even on the lowest-concentration

(1-ml) plates (counts would have been >20,000/100 ml). July bacteriolog-

ical results are complete except for a replicate at Stations 6 and 3 (on

July 13) for FC; thiq lost replicate was due tc wate: leaking into the

plates. Coliform results are also missing or partial on July 15 at

Station 6 and on July 17 at Stations 6 and 9, due to the presence of

noncoliform colonies masking coliform colonies on the plates or the

coliform colonies on the plates were too numerous to count even at the

lowest concentrations. In July, many of the TC plates had many noncoli-

form colonies present which masked the results at the 10- and 100-ml

sample sizes. Several controls were run to check for contamination of

the sample bottles, diluticn water bottles, and the air. All control

J results were negative and indicate that the noncoliforms were actually in

the water samples and were simply not being selected against on the

plates.

Although the set of cata obtained was not complete, encigh data was

obtained to establish several trends. Prior to the 7.1-cm rainfall in

February, concentrations of bczh coliforms and FS were generally low at
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all stations with FC generally <20/100 ml in the Savannah River and

<.50/100 ml in the tributaries, except at Station 7 where FC levels were

<300/100 ml. Following the February heavy (7.1-cm) rainfall, FC levels

rose s•ibstanti:1ly to 500 to over 2,000/100 ml, except just below

Haitwell Dam where concentrations remained <10/100 ml. TC and FS concen-

trations also increased with TC levels >16,000/100 ml at Station 9 and FS

levels >34,000/100 ml at Station 3. By February 13, coliform and strep-

tococcus concentrations had again partially returned to the prerainfall

level (particularly in the Savannah River) due to the flushing action of

the discharged water during periods of power gen2ration.

Coliform and streptococcus concentrations were generally uniform in the

Savannah River during the July sampling period. Concentrations just

below the dam were slightly elevated, compared to the prerainfall levels

found in February, presumably due to increased u, - of Hartwell Lake

during the summer. Coliform and streptococcus concentrations were higher

in the tributaries in July. The highest coliform levels were found in

Cedar Creek (Station 9) (geometric means of 280/100 ml and 2,606/100 ml

for FC and TC concentrations, respectively) and the highest FS concentra-

tiocs were found below the Bigelow-Sanford Carpet Factory discharge (geo-

metric mean of 8,864/InO ml), although collections were made on 1 day

only at this station (Station 11) in July.

FC:FS ratios indicate nonhuman bacterial sources for all samples

collected during both February and July, except at Station 7 (Little

Generostee Creek) on February 9, when the FC:FS ra'tio was approximately

14. The reason for this high ratio at Statioa 7 and on February 9 is

unknown.

Diel Water Quality

Complete in situ and laboratory water quality results for the July 16 and

17 diel sampling conducted at Stations 2, 3, 4, and 10 are presented in

Appendices B and C. Sampling began at Hour 1000 and continued at 3-hour

intervals for a period of 24 hours. During the last cycle (starting at
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Hour 0700), a complete set of water quality samples was collected at each

station to complete the normal alternate day water quality sampling,

which was performed at the remainder of the stations upon completion of

the diel sampling. In order to facilitate discussion, the diel results

will be presented on a "per station" basis.

Station 10, Savannah River, Downstream of Hartwell Dam--Due to the

periodic releases of large volumes of water for short periods of time

during power generation at Hartwell Dam, one would not expect a normal

series of diurnal/noctdrnal trends to be found at this station, during

the diel sampling, water was released from Hartwell Dam for power

generation from Hours 1410 to 1813. Therefore, as shown in AppeNdix B

(Table B-10), there was a sharp drop in water temperature, dissolved

oxygen, and corresponding percent saturation of dissolved oxygen in the

third cycle at Hour 1630 to levels of 12.0"C, 6.0 mg/l, and 55-percent

saturation, respectively. Since water is withdrawn from the hypolimnion

of Hartwell Lake during power generation (see Introduction), a decrease

in these paramaters would be expected. Following completion of power

generation and water discharge at Hartwell Dam, the dissolved oxygen

level rapidly returned to "normal" and only a small increase in

temperature was measured during the remainder of diel sampling. The

other parameters (specific conductance and pH) did not significantly vary

during diel sampling at this station with mean values of 40 umhos/cm at

25*C and 5.9 standard units, respectively.

At Station 10, no significant amount of variation was found during the

diel in total nonfilterable residue (mean <5 mg/i), alkalinity (14 mg

CaCO3 /1), or TOC (2.6 mg C/I) (Appendix C, Table C-7). The highest

concentrations of free CO2 (89 mg CO2 /1) and total ammonia nitrogen

(0.292 mg N/l) were found during the third cycle at Hour 1630, during

which time water was being discharged at Hartwell Dam. Nitrate plus

nitrite nitrogen levels gradually increased slightly until Hour 0130

(0.292 mg N1i) and then declined. The reason for this is unknown. All

TKN and dissolved TKN levels were near or below the detection level
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(0.25 mg N/I), with only a slipht increase found in mid-afternoon. All

phosphate levels (dissolved ortho, ortho, and total) were also near or

below the deteution level (0.005 mg P/l). During Cycles 5 and 6

(Hours 2230 and 0130), the orthophosphate levels were above the total

phosphate levels. Since the levels were near the detection level, the

reason for the higher orthopho5.spate levels may b:- due to normal analysis

variation.

Station 2, Savannah River, Georgia Highway 72 Bridge--Only slight varia-

tions were found at Station 2 during diel sampling. Due to the periodic

water releases from Hartwe]l Dam, it is difficult to determine the cause

of the variation which was observed. The water temperature increased

during the first three cycles, from 17.0°C at Hour 1045 to 21.0°C at

Hour 1630, and then decreased again gradually to 19.0°C at Hour 0730 on

July 17. Initially, this would appear to be a normal diel sampling

cycle. However, the water released from Hartwell Dam between Hours 1410

to 1813 on July 16 had a travei time of approximately 7 to 8 hours for J

the wave front to reach Station 2. Therefore, part of the cause of the

decrease in both the temperature and dissolved oxygen levels (to 8.8 mg/l 7
at Hour 0135), which were found between Hours 2230 and 0415, may be due

to the water released from Hartwell Lake during power generation on

July 16. Consistent with Station 10, there was no significant variation

in specific conductance or pH at this station during the diel sampling

with mean levels of 45 umhos/cm at 25°C and 6.1 standard units,

respectively.

Chstmical parameter results also showed only slight variations at

Station 2. Total nonfilterable residue was always telow the detection

limit (5 mg/1), except at Hour 0135 when the level was 8 mg/l. Water

discharged from Hartwell Dam was present at this time at Station 2, but

would not account for the increase since total nonfilterable residue

levels at Station 10 were always below the detection limit (5 mng/l).

However, water was also being released from Secession Lake at thi: time,

and was passing down Rocky River (see following section on Station 3) and
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into the Savannah River above Station 2. This water had total nonfiltcr-

able residue levels of 12 to 20 mg/l, and following dilution in the

Savannah River, would account frc the higher level noted at Hour 0135 at

Station 2. Alkalinity levels had little variation between cycles Out

were higher (mean 22 mg CaCO 3 /1) than just below Hartwell Dam (mean

14 mg CaCO 3 /1). These elevated levels were probably primarily due to

tributary influence, particularly Rocky River and Beaverdam Creek which

had alkalinity levels generally between 30 and 50 mg CaCO3 /1. No

trends were noted for TOC (mean 3.6 mg C/i), free CO2 (mean

19 mg CO2 !M), total ammonia nitrogen (mean 0.094 mg N/l), or nitrate

plus nitrite nitrogen (mean 0.178 mg N1l). TKN and dissolved TKN levels

were near or below the detection level (0.25 mg N/l) during all sampling

cycles. Phosphate levels also were near or below the detection level
(0.005 mg/l) during all cycles, except for the last three when a slight

increase was found (total phosphate concentration was 0.025 mg P/1 at

Hour 0415). Again, this slight increase was probably due to the Rocky

River discharges which had total phosphate levels of approximately 20 to

50 mg P/I.

Station 3, Rocky River, County Road 64 Bridge--Only slight variations

were found in the in situ parameters measured at Station 3 on Rocky

River. Determination and interpretation of the causes for these varia-

tions was difficult due to the release of water from Secession Lake

upstream of Station 3 for power generation. This water release was very

apparent due to the rapid rise in water level and increased water flow

during Cycles 3 through 7 of the diel sampling. Concurrent with the rise

in water level during Cycle 3, there was a slight decrease measured in

temperature and dissolved oxygen (to 24.0°C and 6.4 mg/l, respectively).

The cause of the very slight variations measured in these and the other

parameters during the remainder of the diel sampling (Appendix B,

Table B-8) was probably due to a combination of normal diurnal/nocturnal

cycles and the effect of the water released from Secession Lake.

I
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Chemical parameter results (Appendix C, Table C-7) also show an increase

in total nonfilterable residue, total ammonia nitrogen, TKN, dissolved

TKN, and total phosphate levels during the period of water release for

power generation with high values of 20 mg/l, 0.212 mg N/l, 0.45 mg N/l,

0.52 mg N/l, and 0.047.mg P/l, respectively. Since no sampling was

7 performed in Secession Lake, it can only be assumed that the elevated

chemical parameter levels were due to higher levels found in the lake.

"No trends were noted in alkalinity (mean 39 mg CaCO 3 /1), TOC (mean

4.2 mg C/I), free CO2 (mean 28 mg C0 2 /1), nitrate plus nitrite nitro-

gen (mean 0.105 mg N/l), or orthophosphate levels (generally <0.005 mg

P/1), or the levels were below the detection point.

Station 4, Beaverdam Creek, Bridge 4.0 km East of Middleton--Station 4 on

Beaverdam Creek is the only one of the four diel stations (Station 2, 3,

4, and 10) where one would expect a typical diel trend in results due to

he absence of any dam upstream. During the diel study, temperature,u .ssolved oxygen, percent saturation of dissolved oxygen, and pH all

increased during the first three cycles to values of 30.5*C, 8.6 mg/l,

114-percent saturation, and 7.7 standard units, respectively (Appendix B,

Table B-9). These four parameters then decreased slowly through the

night until Hour 0415 when levels were 26.0°C, 6.0 mg/l, 73-percent

saturation, and 6.6 standard units, respectively. Just after dawn, the

dissolved oxygen and percent saturation levels then began to rise again.

No consistent trends were noted for any of the chemical Farameters at

this station except that free CO2 was considerably higher in Cycle 1

"(41 mg CO2 /1) than during the remainder of the study. During Cycles 2

through 4, daytime free CO2 levels were <3 mg C02 /1 and at night the

- levels increased again to 11 to 14 mg CO2 /1. One explanation for this

would be that photosynthesis by phytoplankton, periphyton, and aquatic

"plants would remove CO2 from the water during the day. This also would

account for the slight increase in pH levels found during the day to 7.7

at Hour 1615. As free CO2 was withdrawn, the water would become more

basic and the pH would rise. At night, with no photosynthesis by the
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algae and plants taking place, CO2 levels would increase due to plant[2
and algal respiration. This would increase the free CO2 levels,

increase the acidity of the water, and lower the pH.

A comparison of the chemical levels in Beaverdam Creek to levels at the

other diel stations shows increased total ronfilteiable residue levels

(mean 24 mg/i) and increased phosphate levels (mean total phosphate

0.124 mg P/1). These increased levels may be due to the influence of

Middleton and Elberton, Georgia, which are upstream of the sampling

location in Beaverdam Creek.

Water Oualitv Criteria

Table 8 presents State of Georgia and State of South Carolina stream

classifications for the respective portions of the rivers and creeks in

which the 12 water quality sampling stations were located. These classi-

fications are defined and explained in Tables 9 and iO, which also give

the water quality criteria (for which sampling was performed) for Georgia

and South Carolina, respectively. Table 11 presents the drinking water

criteria of South Carolina for allowable concentrations of heavy metals

and pesticides. During this study, however, no analyses were performed

for heavy metals or pesticides in the water at any of the stations.

Table 12 presents EPA's water quality criteria for which sampling was

actually performed.

A comparison of the water quality results (Appendices B and C) to the

water quality criteria presented in Tables 8 through 12 show thaz the

detected levels generally were within acceptable levels for most of the

parameters. Both Georgia and South Carolina have maximum water tempera-

ture criteria of 32.2°C for recreational and fishing waters. All temper-

ature determinations were less than this allowable maximum at all times

during this study. EPA temperature criteria are dependent on location,

time of the year, and sensitivity of the species present in the study

area.
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"Table 8. Richard B. Russell Preimpoundrient Study-Strean and 'khter
Classifications for the States of Georgia and South Carolina

Classification*
Station Georgia South Carolinat

p 1 Recreation Class A

2 Recreation Class A

3 Class B

4 Fishing

5 Fi shing

6 Recreation and Seconda~y Trout Waters Class A

7 Class B

8 Recreation and Secondary Trout Waters Class A

9 Fishing

10 Recreation and Secondary Trout Waters Class A

11 Class B

12 Class B

* Georgia classifications were obtained from:

Envirrmrntdi krotection Division. 1980. Water-use classifications,
trout stream designations, and wnter quality standards for the
surface waters of the State of Georgia. Georgia Departnent of
bhtural Resources, Atlanta, Georgia. 29 p.

South Carolina classificatiorns uere obtained from:

South Carolina Department of Fealth and Envirormental Control. 1980.
Stream classifications for the State of South Carolina Office of
Environmental Quality Control, Colunbia, South Carolina. 27 p.

t Classes are defined by South Carolina as follows:

Class A-Freshuters suitable for primary recreation. Also suitable

for uses listed in Class B.

Class B--Freshwvters suitable for secondary contact recreation and as a
source for drirning unter supply after conventional treatment in
accordanme with requirements of the Department. Suitable for fishing,
survival and propagation of fish, and other fauna and flora. Also
suitable for industrial ai-d agricultural uses.
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Table 9. Richard B. Russell Preimpoundment Study-Georgia Water Quality Criteria For

Which Sampling W•is Performed

Item Specification

Drinking Water Supplies*

Criteria nEt listed since there are no portions of the Savannah River or its
tributaries within the study area which are classified for drinking water supply use.

Recreation Waterst

Bacteria Fecl coliform not to exceed a geometric mean of 200/100 ml
unless studies show the natural level to exceed 200/100 ml
occasionally. In which case the geometric mean fecal coliform
level shall not exceed 300/100 ml in lakes and reservoirs and
300/100 ml in free flowing freshwater streams.

"Dissolved Oxygen Daily average of 5.0 ml/l and no less than 4.0 mg/l at all

tines for waters supporting warm water fish species.

ipH Within the range of 6.0 to 8.5

Toxic Wastes, Other None in concentrations that would harm man, fish and game, or
Deleterious Materials other beneficial aquatic life.

Temperature Not to exceed 32.2 0 C (900F). At no time is the tenperature of
the receiving waters to be increased more than 2.4°C (5°F)
above intake temperature.

Fishing and Secondary Trout Waters**

Dissolved Oxygen Daily average of 6.0 W/l and no less than 5.0 mg/l at all
times for waters designated as trout streams by the State Game
and Fish Division. Daily average of 5.0 mg/l ad no less than
4.0 mg/I at all tines for waters supporting warm water species
of fish.

SPH Within the range of 6.0 to 8.5.

Bacteria Fecal coliform not to exceed a geometric mean of 1,000/100 ml
based on at least 4 samples taken over a 30-day period and not
to exceed a madimum of 4,300/100 ml.

I

N.
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Table 9. Richara B. Russell Preimpoundment Study-Georgia Water Quality Criteria For
Which Sampling Was Performed (Continued, Page 2 of 2)

I tem Specification

Fishing and Secondiry Trout Waters**. (Continued)

Temperature Not to exceed 32.2'C (90'F). At no time is the temperature of
K'• the receiving waters to be increased more than 2.4°C (5*F)
L.- above intake temperature. In streams designated as secondary

trout streams, there shall be ro temperature elevation greater
than IoC (2°F) above the natural level.

Toxic Wastes, Other None in concentrations that would harm man, fish and game. or
Deleterious Material other beneficial aquatic life.

* Freshwaters suitable for lunan consumption and food processing following approved
r.% treatment of disinfection to meet the Federal Drinking Water Standards. Also suitable

for any other use requiring water of a lower quality.

t Freshwaters suitable for general recreational activities such as wuter skiing, boating,
and svminig, or for may other use requiring water of a lower quality.

** Freshvzters suitable for fishing, propagation of fish, shellfish, game, and other aquatic

"life, or for any other tue requiring water of a lover quality.

Source: Environmental Protection Division. 1980. Rules and regulations for water quality
control. Chapter 391-3-6. Georgia De"partment of Natural Resources, Atlanta,
Georgia. 65 p.

;'ph

hi.-



SAVANAHII/T. 1/RESLT/VIBlO. 1
12/18/81

Table 10. Richard B. Russell Preimpoundment Study-South Carolina Water Quality Criteria
For Which Sampling Was Performed

Item Specification

Class AA*

Criteria not listed since there are no portions of the Savannah River or its
tributaries within the study area which are classified Class AA.

Class At

Garbage, Cinders, Ashes, None allowed.
Sludge, or Other Refuse

Treated Wastes, Toxic None alone or in combination with other substances or
,astes, Deleterious wastes in sufficient amounts to make the waters unsafe or
Substances, Colored unsuitable for primary contact recreation or to impair
or Other Wastes the waters for any other best usage as determined for the

specific waters which are assigned to these classes.

Dissolved Oxygen Daily average not less than 5 mg/l, with a low of 4 mg/l,
except that specified waters may have an average of
4 mg/l due to natural conditions.

Fecal Coliforms Not to exceed a geonetric mean of 200/100 ml, based on
5 consecutiwe samples during any 30-day period; nor shall
more t1an 10 percent of the total samples during any
30-day period exceed 400/100 ml.

L.

pH Range between 6.0 and 8.0, except that specified waters
may range from 5.0 to 8.0, due to ratural conditions.

Temperature Maximum temperatire in Class A waters shall not exceed
90*F (32.2*C) at any time.

Class B•*

.'." Garbage, Cinders, Ashes None allowed.
Sludge, or Other Refuse

Treated Wastes, Toxic None alone or in combination with other substances or
Wastes, DeMeterious wastes in sufficient amounts to be I-armful to the
Substances, Colored survival of freshwater fanma and flora or the culture or
or Other Wastes propagation thereof; to adversely affect the taste,

color, odor, or sanitary condition of fish for human
p consumption; to make the waters unsafe or unsuitable for
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"Table 10. Richard B. Rissell Preimpoundment Study-South Carolina Water Quality Criteria
For Which Sampling Was Performed (Continued, Page 2 of 2)

Item Specification

Class B** (Continued)a 
source of drirl-xng wnter supply after conventional

treatment; to ,rake the waters unsafe or unsuitable for
secondary contact recreation; or to impair the waters for
any other best usage as determinc- for the specific
waters which are assigned to these classes.

Dissolved Oxygen Same as Class A wmters.

Fecal Coliforms Not to exceed a geometric mean of 1,000/100 ml based on
5 consecutive samples during any 30-day period; not to
exceed 2,000/100 ml in more than 20 percent of the
samples examined during such pericd.

i p1IH Range between 6.0 and 8.5, except that specified waters
may range from 5.0 to 8.5, due to natural conditions.

Temperature Same as Class. A ,aters.

* Freshuaters which constitute an outstanding recreational or ecological resource and are
suitable as a source for drinking water supply purposes following specified treatment.

M Also suitable for uses listed in Class A and Class B.

t Fr-shNaters suitable for primary recreation. Also suitable for uses listed in Class B.

** Freshuaters suitable for secondary contact recreation and as a source for drirndng water
"supply after convoitional treatment in accordance with requirements of the Department.
Suitable for fishing, survival and propagation of fish, and other fauna and flora. Also
suitable for industrial and agricultural uses.

Source: South Carolina Department of He•alth and Enviroimintal Control. 1981. Water

classification standards system for the state of South Carolina. Office of
[nvironrm•ntal Qiality Control, Colunbia, South Carolina. 16 p.
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Table 11. Richard B. Russell Preimpoundmnt Study--inking Water Qiality Criteria For
South Carolina

Parameter South Carolina

Metals

Arsenic 0.005 ing/l
Barium 1.0 mg/l
Cadmium 0.010 mg/l
CChroriun 0.05 mg/i
Fluoride 1.6 mg/l
lead 0.05 mg/l
Mercury 0.002 mg/l
Nitrate (as N) 10.0 mg/l

it Selenium 0.01 mg/l
Silver 0.05 ng/l

Pesticides

Endrin 0.0002 mg/l
Lirdane 0.004 mg/l
Methoxychlor 0.1mg/l

SToxaphene 0.005 mg/l

* 2,4-D 0.1 mg/l
2,4,5-TP Silvex 0.01 Mg/l

Source: South Carolina Department of Health and Environmental Control. 1981. State
primary drinking kater regulations. Division of Water Supply, Cclumbia, South
Carolina. 135 p.

%-U

•'.
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Table 12. Richard B. Russell Preimpouidment Sudy--EPA (1976) Water Quality Criteria
For TAich Sampling Was Perforned

RPararmter Freshwziter Arquatic Life Domestic TAter Supplies

L Alkalinity 20 mg/l as CaC0 3

Amionia 0.02 mg/l as un-ionized aman-na

Chlorides, Total 250 mg/i

Color .Thuld not reduce co-pensation <75 color units on the platinun-
point >10 percent cobalt scale

Dissolved Oxen 5.0 irg/l

Fecal Coli form For bathing waters, should not exceed 2C0/100 ml based cn a
Bacteria minimun of 5 samples over a 30-day period; nor should more than

10 percent of tlhe total samples taken during any 30-day period

exceed 400/100 ml

i , Hardness 0 - 75 mg,/l CaCO soft

75 - 150 mg/i CaC0 nxxderately hard
150 -, 300 mg/l CaCO3 = hardV3

Ton 1.0 mg/i 0.3 mg/i

Manganese 0.05 mg/1

SNitrate + Xitrite 10 mg/l nitrate nitrogen

pH 6.5-9.0 5-9

Phosphate None None

Temrnrprature Spacially, seasonally, and species dependent

'flirbidity I-OUld not reduce compensation
point >10 percent

Source: U.S. Envirorvrntal Protection Agency. 1976. (aality criteria for Tter. EPA,
Washington, DC. EPA-440/9-76-023. 256 pp.
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During this study, all dissolved oxygen levels (Apper lix B) were above

the minimum allowable levels for Georgia, South Carolina, and EPA

(Tables 9, 10, and 12 respectively), since all recorded levels were above

5.0 mg/l in both February and July. Georgia, South Carolina, and EPA all

have water quality criteria for pH between 6.0 and 9.0, except when lower

due to nptural conditioLls. During this study, all pH values were above

pH 5.0, except at Stations 7, 8, and 10 on February 13 when pH values

were 4.3, 4.4, and 3.5, respectively. The reason for these low values isL unknown, but it is assumed that they are due to natural causes since no

, highly acidic water discharges are known in the study area. No water

quality criteria are specified for specific conductance or oxidation

reduction potential by Georgia, South Carolina, or EPA.

Georgia and South Carolin.ý do not have any specific water quality criter-

ia for any of the chemical parameters measured from the water samples

during this study. South Carolina does have drinking water quality

criteria for heavy metals and pesticides (Table 11). However, analyses

for heavy metal and pesticide levels in the water samples were not part

of the scope of work for this study.

Table 12 shows EPA-specified water quality criteria for alkalinity,

ammonia, and iron for freshwater aquatic life. Alkalinity levels were

frequently below the 20 mg CaCO 3 /A EP9 minimum for freshwater aquatic

life during July in the Savannah River and at most sampling locations

during February (especially following the heavy (7.1-cm) rainfall on

February 10 and 11). Based on the other chemical analyses in Appendix C,

these low alkalinity concelLrations are probably due to natural causes.

Ammonia concentrations were always below the EPA criterion of 0.02 mg/l

(as un-ionized ammonia) for freshwater aquatic life. The un-ionized

ammonia concentrations were determined from the temperature, pH, and

total ammonia conceutrations in Appendices B and C, and the conversion

table for total ammonia to un-ionized ammonia given in the EPA water

quality criteria document (EPA, 1976). Total iron concentrations were

below the EPA criterion of 1.0 mg/l at all sampling locations on

- . * . -. . .I. -|
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February 9. However,, iron concentration's were Iabove 1.0 mg/I1 at most

stations on February 11 and 13daid in the tributaries during July

(Appendix C). As previously noted in the water quality section (Results,

Water Quality), these increased' iron concentrations are 'due to natural

causes (primarily watershed runoff containingclays which usually have

iron as a major constituent).

Due to the wide natural variation in color and turbidity in bodies of

water, Georgia and South Carolina do not have exact maximum allowable

levels specified for these parameters. However, Georgia and South

Carolina do reqaire that color and turbidity levels should be low enough

so as not to impair the water uses for which the waters are classified.

The 1976 EPA water quality criteria specify that color and turbidity

levels should not reduce the compensation point >10 percent. Variation

in color and turbidity levels measured during this study were primarily

due to natural causes such as increases in sediment load due to watershed

runoff. The exception to this was at Station 11 downstream of the

Bigelow-Sanford Carpet Factory discharge. As previously noted, color

levels were approximately 300 to 400 Pt-Co units due to the presence of

dye in the discharged water from the factory. Due to the small size and

shallowness of this stream, the 1-percent light penetration depth was

greater than the total depth of the stream. Therefore, it could not be

determined if the dye reduced the compensation point >10 percent.

Table 12 also lists EPA domestic water supply quality criteria for chlor-

ide, iron, manganese, and nitrate plus nitrite levels. Since no portions

of the Savannah River or its tributaries within the study area are clas-

sified or used for domestic water supplies (Tables 8, 9, and 10), these

criteria will not be discussed.

Georgia, South Carolina, and EPA FC water quality criteria are listed in

Tables 9, 10, and 12. The FC criterion for the portion o- the Savannah

River within the study area is <200/100 ml and is based on et least five

samples over a 30-day period with maximums of 400 or 500/100 ml in no
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greater than 10 percent of the samples. From the limited sampling

performed during this study, the portion of the Savannah kiver within the

study area generally meets the FC criterion, with concentrations

generally much lower than the required levels (Table 7). On February 11,

following the 7.1-cm rainfall on February 10 and 11, the FC levels at the

lower stations approached or slightly exceeded the maximum allowable

levels. However, these elevated levels appear to be transitory. If a

larger number of samples had been taken over a span longer than 1 week,

these elevated levels would probably have been <10 percent of the total

number of the samples.

FC water quality criteria for the tributaries are 1,000/100 ml, based on

a mean of at least 4 samples within a 30-day period. Maximum allowable

FC concentrations for Georgia are 4,000/100 ml and for South Carolina

they are not to exceed 2,000/100 ml in more than 20 percent of the

samples examined during the 30-day period (Tables 9, and 10). Measured

FC levels in the tributaries were within the Georgia and South Carolina

water quality criteria during both February and July, based on the

geometric mean of the six samples collected at each station within the

week sampling periods in February and July. In February, some of the

individual determinations approached or exceeded (geometric mean at

Station 7 was 2,191/100 ml on February 11) the maximum allowable levels

in the tributaries. Again, these elevated levels appear to be transitory

in nature, due to the heavy (7.1-cm) rainfall on February 10, and would

probably be <10 percent of the total samples had additional sampling been

performed over a longer period of time in February.

Sediments

Complete sediment analyses results are presented in Appendix D for both

the February and July sampling periods. Within the study area, the

upstream reaches of the Savannah River are characterized by exposed

bedrock. Coarse sandy sediments were found only in areas protected from

heavy scour which occurred when water was released from Hartwell,Dam
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during periods of power generation. Farther downstream, and at all

tributary stations, bottom sediments were predominantly sand with

occasional areas of exposed bedrock or riffle areas.

Since sediment sampling was performed with a petite Ponar' dredge, the

samples obtained were semi-selective since they were collected only where

a sample could be obtained. Although the sediment results may indicate a

coarse sand bottom at a station, the riverbed could in fact be predomi-

nantly boulders and bedrock (e.g., Station 10) with only small areas of

coarse sand. With the exception of the July sample at Station 11, all of

the sediment samples which were obtained were classified as coarse sand

with silt (<0.05 mm) and clay (<0.002 mm) fractions in these samples

being <4 and 2 percent, respectively. The July sample at Station 11

would be classified as loam, with a silt fraction of 40 percent and

8 percent for clay.

As shown in Appendix D, TOC contents of all samples were low (0.03 to

0.18 percent), with no significant variation between stations or between

sampling periods. Volatile solids were also low, ranging from 0.07 to

7.2 percent with a mean of 1.0 percent. Volatile solids were highest in

the Station 11 (downstream of the Bigelow-Sanford Carpet Factory dis-

charge) samples for both February and July sampling periods. Oil and

grease contents of all samples were near or below the detection limit

(0.1 percent total dry weight).

TKN in all samples ranged from <20 to 260 mg N/kg dry weight, with a mean

of 69 mg N/kg. TKN lerels were slightly higher in the tributaries than

in the Savannah River, with the highest values found in July at

Station 11 downstream of the Bigelow-Sanford Carpet Factory discharge.

Total phosphorus in the sediment samples ranged from 27 to 410 mg P/kg,

with a mean of 83 mg P/kg dry weight. Total phosphorus levels were

slightly higher in Beaverdam Creek (Station 4) and Cedar Creek

(Station 9) than in the Savannah River or the other tributaries within

the study area. The highest totai phospho-rus levels were again found at



SAVANNAH/II.4/RES .32
12/23/81

Station 11 in July. Since sediment sampling was not performed upstream

of tha Bigelow-Sanford Carpet FacLory discharge, it is unknown if these

elevated TKN and total phosphorus levels at Station 11 are directly

related to the carpet factory discharge or if these levels are due to the

difference in sediment type at this station.

Mean concentrations (mg/kg dry weight) of metals for all sediment samples

collected at Stations 1 through 11 were as follows: arsenic, cadmium,

and copper--<1.0 mg/kg; chromium, lead, nickel, and zinc--<10 mg/kg;

mercury--<0.014 mg/kg; manganese--<350 mg/kg; and iron--<5,400 mg/kg.

These values are not indicat.ve of serious levels of heavy metal contam-

ination in the sediments. Concentrations at Stations I through 10 for

chromium, copper, mercury, and nickel generally were near or below the

detection levels, with no significant variation found between the

February and July sampling periods or between stations. Concentrations

of copper, mercury, and nickel were higher at Station 11 downstream of

the Bigelow-Sanford Carpet Factory disclarge. Since sediment sampling

was not performed upstream of the discharge, it is uncertain if these

elevated levels are directly related to the Bigelow-Sanford Carpet

Factory discharge. Since the silt and clay fractions of the sediment

also were higher at Station 11 (Appendix D), the elevated heavy metal

concentrations may simply reflect the higher adsorptive capacities of

silt and clay as compared to the adsorptive capacity of coarse sand

sediments. No consistent between-station trends were found in concentra-

tions of arsenic, iron, lead, or manganese during either the February or

July sampling periods. However, levels of these parameters generally

were slightly higher in July than in February (Appendix D) at Stations 1

through 11. No consistent between-ctation trends were found in

cadmium (Cd) concentrations, although concentrations were slightly higher

at most stations in February than in July (mean of 0.38 and 0.22 mg Cd/kg

dry weight in February and July, respectivel.,).

February zinc (Zn) concentrations ranged from 1.2 to 6.1 mg Zn/kg dry

weight (mean 3.4 mg Zn/kg), with only small variations found between
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stations. Concentrations were higher in July and ranged from 1.4 to

63 mg Zn/kg (mean 13.9 mg Zn/kg), with the highest concentrations found

downstream of the Bigelow-Sanford Carpet Factory at Station 11. In the

Savannah River, replicate mean zinc levels were 23 mg Zn/kg just below

Hartwell Dam in July and gradually declined downstream to 4.0 mg Zn/kg at

Station 2. The concentration cf zinc found in the sediments was higher

just below the Richard B. Russell Dam site (10.6 mg Zn/kg at Station 1).

The reason for the higher levels just downstream of the dams is unknown.

Although the variations in the abovementioned heavy metal concentrations

appear to represent actual increases or decreases at the stations, part

of the variation found may be due to the variation in sample particle

sizes from one station ov sampling period to the next. At Station 11,

iron concentrations were 5,100 and 30,500 mg Fe/kg dry weight (replicate

means) in February and July, respectively. However, at least part of

this variation is probably due to the greater percentage of silt and clay

in the July samples (Appendix D), which have higher adsorptive capacities

for iron than do coarse sand sediments.

Pesticide and PCB concentrations (Appendix D) were below the detection

levels in all of the sediment samples from both the February and July

sampling periods.

Periphyton

Detailed results for the February and July periphyton collections ale

presented in tabular form in Appendix E. Table 13 summarizes this data

by major algal divisions present at each sampling location.

Generally, sampling with the use of PeriphytometersTM or other artificial

substrates is advantageous since the collections are representative of

water quality over a period of time (usually 2 to 4 weeks) versus

phytoplankton sampling which is indicative of the algae present at that

particular time an( location only. Periphytometers'" are especially

useful when sampling a uniform system (such as a large reservoir or
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river) where the samplers can be placed under nearly identical physical

W conditions of light, current velocity, etc. Under these conditions, one

can be almost certain that any variation found between the samplers is

primarily due to variations in water quality between sampling locations.

In this study, however, sampling locations varied from small creeks

<2 meters wide (such as at Station 11, Figures I and 31) to the Savannah

River which was approximately 200 to 300 meters wide. Under tl !se

varying conditions it was impossible to place all samplers under identi-

cal physical conditions. Therefore, between-station comparisons of the

data in Appendix E are extremely difficult and complex. Even within the

Savannah River there was considerable variation (particularly in water

velocity, flow, and temperature) betveen the upstream and downstream

stations.

Generally, the optimum temperatures for diatoms are between 18 and 30°C;

optimum temperatures for green algae are between 30 and 35°C, and optimum

temperatures for blue-green a)gae are between 35 and 40C (Cairns, 1956).

During both the February and July sample collection periods, all of the

measured water temperatures were <30*C (Appendix B) and diatoms (Bacil-

lariophyceae) generally accounted for the greatest percentage of all

algal divisions present in each sample (Table 13). The exceptions to

this were Stations 6, 9, and 11 in July. Station 6 on the Savannah River

"and Station 9 on Cedar Creek were dominated by blue-green algae (Cyano-

phyta) which made up 77 and 91 percent of the assemblages, respectively.

The most abundant taxa at these two stations were unidentified species of

Lyngbya and Oscillatoria which had very small cells generally 2 micro-

meters (um) long and 2 to 5 um wide. Many of the filamentous green and

blue-green algae found on the samplers were immature (due to the short

incubation time) and accurate identifications of the species were

tenuous, particularly for the genera Ulothrix and Stiveoclonium.

Station 11 (downstream of the Bigelow-Sanford Carpet Factory discharge)

had very few euperiphytic species present in July. Instead, the most

I
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abundant algae present were Chlorophyta (50 percent), •with most of the

genera more characteristic of phytoplankton (e.g., Ankistrodesmus,

Chodatelia, and Scenedesmus) than of periphyton. A large percentage

"(45 percent) of the algal association were Euglenophyta, which are also

characteristically planktonic or tychoplanktonic. The reason for the

lack of periphytic species at this station is not certain.

Cell densities in the Savannah River were lowest just below Hartwell Dam

K (2,148 and 73,659 cells/cm2 in February and July, respectively) and

gradually increased downstream (except at Station 6) to Station 1 just

2below Richard B. Russell Dam site (175,065 and 1,043,963 cells/cm in

February and July, respectively). Variation in water velocity past the

Periphytometers'" probably accounts for this cell density gradient.

Hartwell Dam periodically releases large volumes of water during periods

of power generation. Due to the narrow riverbed just below Hartwell Dam,

the water velocity increases rapidly to 0.75 to 1.1 meters per second

V- (see Introduction). As the surge front diffuses and the riverbed becomes

U wider downstream, the water velocity decreases (assuming a uniform river-

bed gradient at the sampling locations).

Water movement past Periphytometers' continually renews essential mate-

rials and removes metabolic cellular byproducts. In standing water, a
I.

definite zone of depletion occurs around the cells and this zone becomes

"limiting. Water velocities greater than 15.24 cm per second (0.5 foot

per second) effectively decrease this depletion zone, thereby reducing

its limiting effect and increasing productivity (Weitzel, 1979). At

excessive water velocities, however, periphytic growth can become inhib-

ited due to the scouring action of the water (particularly if there is

sand in suspension). Therefore, due to the periodically high water

velocities just below Hartwell Dam, a decrease in cell densities is not

unusual. In addition, most of the species found at this location grow

attached by holdfasts or gelatinous pads or stalks such as Spirogyra,

Stigeoclonium, Achnanthes, and Comphonema or they can easily become

entangled among "he euperiphytic growth such as Lyngbya, Oscillatoria,

-.°
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Asterionella, Synedra, and Tabellaria. The reason or cause for the

lowest density in February and the highest density in July being found at

Station 6 is unknown.

A comparison of the cell densities in the tributaries in February to

those in July (Table 13) shows slightly higher densities in July in both

Coldwater Creek (Station 5) (3,541 and 9,938 cells/cm2 in February and
2July, respectively) and at Station 11 (1,351 and 27,817 cells/cm in

February and July, respectively). This is to be expected since algal

productivity of streams is usually higher in the summer, due to increased

water temperatures, than in the winter. However, in Beaverdam Creek

(Station 4), Little Generostee Creek (Station 7), and Cedar Creek

(Station 9), the cell densities were lower in July than in February;

water quality (Appendix C), in situ measurements (Appendix B), or water

velocity (Appendix B) do not account for this. Water velocity was higher

in the streams in February during the wet period than in July.

Therefore, any scouring action and corresponding reduction in

productivity would have been greater in February. In July, stream

current was sufficient (usually >15 cm per second) to reduce any nutrient
"depletion zones around the cells, which would have limited production.

The primary factor for the decrease in cell densities in July at these

stations may be available light, since trees line both banks of these

creeks. In the winter, with most of the foliage off the trees, much

light penetrated to the creek beds. However, in the summer the trees

shaded the creekbeds and there may have been an actual reduction in the

amount of light reaching the Periphytometers M.

Most of the diatom species found during this study are characteristic of

"circumneutral-to-acidic water of low mineral content (Lowe, 1974; Patrick

and Reimer, 1956, 1975). The majority of the planktonic diatom species

normally found in lakes or slow-moving water, which were encountered

during this study (Comphonema gracile, Synedra delicatissima, S. rumpens,

S. tenera, and the planktonic strain of Tabellaria flocculosa var.

flocculosa (Strain III p, Koppen, 1975), were found predominately in the
7%

'1
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Savannah River just below Hartwell Dam at Stations 8 and 10. Asterio-

nella formosa, another planktonic species which prefers cool water

(Werner, 1977), was found on the PeriphytometersT only in February at

Stations 2 and 10 on the Savannah River. These planktonic species were

probably abundant in Hartwell Lake at the time of collections, discharged

during periods of power generation, and as they drifted downstream, were

entrapped in the Periphytometers '.

Another diatom species of interest is Navicula simula, which Patrick and

Reimer (1966) state as being known only from the type locality (South

"Carolina, Aiken County, Savannah River between Miles 174.8 and 175.1 from

the mouth) which is 100 miles downstream of the Richard B. Russell Dam

site. During this study, N. simula was found in the Savannah River

(Station 6), Cedar Creek (Station 9), and Station 11 (downstream of the

Bigelow-Sanford Carpet Factory discharge). This would extend the known

range for this species approximately 125 miles up the Savannah River.

Ecologically, Patrick and Reimer (1966) state that N. simula is charac-

teristic of water with low mineral content. Since the measured conduc-

tivities during this study were low (overall mean of 55 umhos/cm at 25°C

for water quality sampling), finding N. simula at these locations

(Stations 6, 9, and 11) would not be unusual.

In their recent publication, Taylor, et al. (1980) present a table of

134 species and genera of algae which are associated with eutrophication

in lakes throughout the eastern and southeastern United States. Table 14

lists the taxa associated with eut ophication, which were found during

this study, and summarizes their distributions within the study area.

These species were generally found in low cell densities (Appendix E),

with the total number of eutrophic taxa at each station ranging between 9

and 13 (Table 14). While these taxa are characteristically present in

eutrophic waters, many are also frequently found in moderately enriched

waters and a few even in unenriched waters. Taylor, et al. (1980) define

unenriched, moderately enriched, and highly enriched waters by catqgories

N of total phosphorus levels equal to <0.025, 0.025 to 0.050, and

.4
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Table 14. Richard B. Russell Preiinpounient Stixiy--Diataii Specis Found During the Stuly
Which are Associated with Eutrophication

Station
Taxa 1 2 3 4 5 6 7 8 9 10 11

Asteriorella foruxosa p p

Cyclotella nreneghiniana P

C. stelligera P P P P

Gomphonemangustatmr X X P P P X P x P P P

Cparvuluni X X P X P X X X X P P

Gyrosigma acuniintmx P P P

Melosina ambigua P P P P

M. varians P P X P P X P

Meridion cJirculare P P P P

Navicula cryptocephala. P P P P P P X P

N. rhynchoceph~ala X

N.tripunctata P

*Nttzschia.aciculaxis P P P P P P X P P

N.dissipata P P P

N. fonticola P P P P P

_ ae P P P P P P P P

Syedadelicatissihm X P P P P P P P P

S. pulchella X P P P P P P P P P P

WEALWIBER OF TAM~ 11 11 9 10 9 12 13 10 9 9 10

Notest P - Present.

X - More than 10,0(X)/GD 2 .

Source: WAR, 1981.
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>0.050 mg P/l, respectively. Assuming that these levels established for

lakes in the southeastern United States would also approximately be

applicable to flowing waters, comparisons of the total phosphate levels

at each of the stations (see Appendix C) would indicate that in February

the Savannah River stations could be classified as unenriched prior to

the heavy (7.1-cm) rainfall on February 10 and 11. Rocky River,

Coldwater Creek, and Little Generostee Creek also could be classified as

unenriched, while Beaverdam Creek and Cedar Creek could be classified as

moderately to highly enriched. In July, the Savannah River varied

considerably in phosphate levels dependent on the discharges. Based on

the limited sampling performed during this preinpoundment study, Rocky

River, Coldwater Creek, and Little Generostee Creek could still be

classified as unenriched to moderately enriched, while the remainder of

the stations would be classified as highly enriched 7aters.

In addition to variations in water velocity, flow, and amount of shading

V• at the periphyton sampling locations, variations in phosphate levels may

also partially account for the periphyton density variations found on the

PeriphytometersTM. At Stations 8 and 10 (just downstream of Hartwell

V Dam), the total phosphate levels were generally <0.01 mg P/1. The

low cell densities found at Stations 8 and 10 may be the result of the

phosphate content of the water, if the periphyton were phosphate-limited.

Likewise, the low phosphate levels that were found in Rocky River and

Coldwater Creek might also partially explain the fact that the lowest

cell densities in the tributaries were found in these two streams.

Macroinvertebrates

Complete macroinvertebrate data for Hester-Dendy and benthic sampling are

presented in Appendix F and summarized by major groups in Tables 15 and

16, respectively. Summary tables for Shannon-Weaver Diversity Indices

and biomass estimates for benthic and Hester-Dendy samples, for both

February and July 1981, are also presented in Appendix F.
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In this study, the benthic substrates at most sampLing sites were com-

posed of a soft mixture of sand and small gravel. This was the only type

of substrate sampled. However, substrates of Statio- 6, 8, and 10 were

largely composed of boulders and bedrock. Therefore, benthic samples may

not adequately represent the benthic communities at these stations.

Benthic samples were dominated by flatworms (Rhabdocoela), oligochaetes,

and chironomids. Multiplate samplers, however, provided habitat for more

Ephemeroptera, Trichoptera, and Plecoptera than did the natural sub-

strates. Sand and small gravel is a favorable habitat for vermiforms.

Smell worm-like organisms occupy the very small interstitial spaces

(McIntyre, 1969), whereas larger organisms tend to cling or attach them-

selves to more coarse and stable 9,,bstrates where more prominent spaces

are available. Perhaps this explains why Plecoptera and Ephemeroptera

were found lodged on the multiplate samplers more frequently and in

greater numbers than in the soft sandy substrate. However, the burrowing

Odonates (Progomphus obscurus, Lanthus sp., and Gomphus sp.) and the

burrowing mayfly (Ephemera sp.) were found more cammonly'in the petite

Ponar' grab samples. These qualitative differences between Ponar'" and

multiplate samples are well documented (Tsui and Breedlove, 1978).

Hester-Dendy density estimates were usually lower than Ponar'" estimates

as the soft substrate provided a more heterogeneous environment with more

available surface area. Hester-Dendy bi~mass, however, was often greater

due to higher numbers of Ephemeroptera, Trichoptera, and Plecoptera.

When all stations were taken into account, average density and biomass

were considerably higher during July; but, when stations are analyzed

individually, this trend is sometimes reversed. Generally, diversity was

higher in the summer (overall mean 2.731) than in the winter (overall

mean 1.619), primarily reflecting an increase in species richness

(12 to 19 species/station).

The oligochaetes consisted primarily of tubificids (Limnodrilus hoffmeis-

teri and Ilyodrilus templetoni) and naidids (Nais spp.). Individuals
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belonging to the tubificids are considered by many investigators to be

indicators of water quality. Often tubificids strongly dominate benthic

communities of organically enriched waters. Thus, tubificids may be uti-

lized to detect the source, nature, and degree of pollution [provided the

establishment of accurate identities at the species level (Brinkhurst,

1966)]. Inherent in the tubificids ability to withstand high rates of

organic loading is their toleration of low dissolved oxygen concentra-

"tions. High BOD is the limiting factor for most benthic invertebrates in

organically polluted systems.

The February midge fauna was dominated by Cricotopus-Orthocladius group,

Cryptochironomus fulvus group, Polypediluni halterale, and Robackia

demeijerea, whereas July samples exhibited a more varied predominance of

Cricotopus spp., Cryptochironomus fulvus group, Polypedilum convictum,

Polypedilum scalaenum, Robackia demeijerea, Tanytarsus guerlus group,

Rheotanytarsus exiguus group, and Cladotanytarsus sp. Most of these

forms, especially the Chironominae can tolerate low-to-rnoderate dis-

solved oxygen levels and high nutrient concentrations. Some tolerate

high levels of organic and toxic compounds, and others do not. These

qualities give the Chironomidae value as biological indicators of esca-

lated organic loading and toxic waste problems.

Although some chironomid larvae (i.e., Tanypodinae) are active predators
* hwhen favorably sized food items (i.e., oligochaetes and other chirono-

"mids) are available (Baker and McLachlan, 1979), most are benthic scaven-

gers (Beck, 1977). Numerous predators, including adult fish and other

benthic macroinvertebrates (i.e., Plecoptera and Odonata), rely heavily

upon chironomid larvae as a food source. Thus, the chironomids have a

V considerable influence on nutrient turnover rate and trophic dynamics.

"Diversity (i.e., the degree of species variation within a system) is

generally determined by two factors: (1) species richness (the total

number of species), and (2) the number of individuals within each species

present. Diversity is positively correlated with the number of species.
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The lowest diversity occurs if all organisms belong to the same species

and the highest value is reached when each organism belongs to a differ-

ent species. Although diversity indices were originally intended for

terrestrial systems, they are presently adapted and applied to aquatic

systems. The index most commonly used, and the one chosen for this

study, is the Shannon-Weaver Species Diversity Index.

Diversity indices can be useful in estimating stress imposed upon a given

macroinvertebrate community. Most "clean" aquatic systems exhibit many

taxa with few individuals, and only a few taxa of abundance. Induced

stress on a community usually lowers diversity by making the environment

less favorable for certain species; the same stress may lend a competi-

tive advantage to other species. Therefore, as is often the case with

organically polluted systems, the number of species may decrease as total

productivity increases. Contrarily, siltation and induced toxic sub-

stances often create a decrease in both the number of taxa and the number

of individuzals.

Most rtress-free systems exhibit a Shannon-Weaver value b'tween 3 and 4

(Wilhm, 1970), whereas stressed systems commonly range from <1 to 2.

However, interpretation of low values must be exercised w-th caution as

low-diversity communities do occur naturally (i.e., witho,•t the aid of

man).

The substrate at Station I, just below the Richard B. Russell Dam site,

was largely composed of shifting sand and silt. July Benthic Sample I-A

contained much clay and no organisms were detected. At Station 1, heavy

sand and silt loads were presumably due to disturbances during construc-

tion of the Richard B. Russell Dam. This may explain the low biomass

(0.0436 gram/mi2 ), density (179/mi2 ), and diversity (0.627) estimates

in the July benthic samples. Hester-Dendy samples did not reflect the

detrimental effects of siltation. Plecoptera and Ephemeroptera were

represented in February, but not in July (Tables 15 and 16). The pres-

ence of Robackia demeijerea, Corynoneura celeripes, and Thienemannielln
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xena is indicative of waters free of organic wastes. Beck (1977) lists

all three species as rheobiontic and saprophobic.

Shifting sand and silt also comprised a large percent of the substrate at

Station 2. February benthic samples from this site exhibited extremely

low diversity (0.723), density (21/m2 ), and biomass (0.006 gram/m2 ).

Benthic diversity was higher in July (2.099), probably reflecting a

greater species richness with increasing temperatures. Hesrer-Dendy

diversity values were slightly higher (mean 2.202) than the benthic

diversity values (mean 1.411). Perhaps the multiplate samplers enabled

the organisms inhabiting them to avoid the rather harsh shifting sand and

silt labitat. The presence of Robackia demeijerea and Corynoneura taris

indicate the lack of organic pollution. The elmid beetles, Macrony-

chus sp. and Stenelmis sp., were collected in February. Sinclair (1964)

found that Macronychus glabratus is sensitive to sewage and various

industrial wastes. However, some species of Stenelmis are facultative in

regard to such wastes. Trichoptera and Ephemeroptera were present, but

Plecoptera were not represented at Station 2 (Tables 15 and 16).

Substrate at Rocky River (Station 3) was comprised of sand and small

gravel. Diversity increased from a mean of 1.644 in February to 2.467 in

July. Plecoptera, Ephemeroptera, and Trichoptera were present only in

February during colder temperatures and greater flow rates (Tables 15 and

16). However, it should be noted here that no multiplate sample was

retrieved from the site in July. The Asiatic clam (Corbicula fluminea)

was abunidant and added a great deal to the extremely high biomass

(15.017 grams/m2 ). Excluding Corbicula, biomass .ds relatively low

(0.1815 gram/m2 ). Again the presence of Corynoneura spp., Robackia

demeijerea, and Nilotanypus sp. [another saprophobic midge (Simpson and

Bode, 1980)], suggested that Rocky River was relatively free of excessive

organics.

Beaverdam Creek (Station 4) substrates corsisted of coarse sand and small

gravel. Biomass and density were higher in the benthic samples due to
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large numbers of a variety of chironomids and oligochaetes associated

with the natural substrate. It is also interesting to note that both

density and biomass were higher in the winter (mean density and biomass

were 5,826 and 1.820/m 2 , respectively) than in the summer (mean density

2.
and biomass were 3,264 and 1.652/mr respectively). Diversity

"increased from a mean value of 1.989 in February to 3.570 in July.

Although species richness was quite high in February, diversity was

driver down by large numbers of Cricotopus-Orthocladius and Nais

elinguis. Generally, the Beaverdam Creek fauna was very well balanced,

with representatives from each major insect group. The midge fauna was

comprised of an assortment of facultative species such as the predatory

Cryptochironomus fulvus group, Dicroteudipes neomodestus (which is often

associated with waters rich in organics and nutrients), and Polypedilum

spp. Also present were the clean water forms, Robackia, Corvnoneura,

Nilotanypus, and Thienemanniella xena.

5 Benthic samples at Coldwater Creek (Station 5) were comprised of coarse

sand and small gravel. Much grading and clearing activity was in proce3s

at the south bank at this site; consequent siltation could dramatically

change the benthic fauna. Diversity was moderately low in February

p (mean 1.586), but increased to relatively high values in July

(mean 3.473). Biomass also was higher during the summer (mean

2.54 grams/m2 ) than the winter (mean 0.717 gram/m2 ). Station 5

exhibited a well balanced fauna with the Trichoptera, Ephemeroptera, and

Plecoptera well represented (Tables 15 and 15). Additionally,

Corynoneura, Robackia, and Nilothauma babiyi were collected at thib site.

Simpson and Bode (1980) found N. babiyi in swift-flowing pollution-fre2

streams wliere species richness was >30 and diversity values surpassed

3.0. The Megaloptera, Corydalus cornutus, was fairly abundant and Beck

(1954) found this species to be intolerant of organic waste materials.

Generally, the Coldwater Creek fauna is that of a cold, pristine,

rheocrene environment.

V
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The substrate in the Savannah River at Station 6 was primarily bedrock

w-.h a few scattered boulders. Soft sediments were rare and consisted of

gravel and coarse sand. Diversity was low in February (mean 0.753), but

increased with warmer temperatures to a mean of 2.925 in July.

Enchytraeids (Lumbricillus .p.), naidids, and Chironomidae comprised the

greatest percent of the benthic fauna. Other groups were not well

represented. However, the lack of organic pollution is again suggested

by the presence of Robackia demeijerea, Nilothauma babiyi, and Potthastia

longimanus. P. longimanus was designated by Beck (1977) as saprophobic.

Thý incomplete benthic community may be attributable to the substrate

type and frequent water-level fluctuation.

Little Generostee Creek (Station 7) hae sediments of coarse sand and

small gravel. Heavy construction was underway just downstream of the

sampling site. Although this did not affect the area sampled in this

study, considerable siltation was evident just below the site. Diversity

values were indicative of a healthy fauna in both February (mean 3,163)

and July (mean 3.66). An abundance of Polvpedilum convictum suggests

that these waters were rich in suspended organic foodstuffs (Simpson and

Bode, 1980). Many facultative midge species were collected, but rela-

tively intolerant species were also present. Generally, this was a

stable and well-balanced community.

The principal substrates in the Savannah River at Station 8 were boulders

and bedrock; interspersed among these were small areas of coarse sand and

gravel. Hester-Dendy diversity values were low during February (0.464)

and July (0.717). July benthic diversity (1.992) was lower than that of

February (2.971) even though species richness increased. This was pri-

marily due to an abundance of Lumbricillus sp. in July. Density

(February mean 289/m 2 " July mean 2,913/mr) and biomass (February mean

2. 20.419 grams/Mr . July mean 1.954 grams/mr) increased from February to

July. The fauna was primarily composed of facultative species with a few

intolerant species. Ephemeroptera and Trichoptera were present, but

sparsely populated. No Plecoptera were collected (Tables 15 and 16).
Sc
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The Hester-Dendy population estimates were probably limited by the daily

I fluctuations in discharge from the Hartwell Dam.

"Cedar Creek (Station 9) sediment consisted of coarse sand and gravel.

Diversity was moderate (mean 2.149) in winter months, but increased to a

mean of 3.537 in July. Density (February mean 841; July mean

2,239/m2), biomass (February mean 0.338; July mean 6.157 grams/m),

and species richness (February mean 11; July mean 33) dramatically

increased between the February and July sampling periods. Macro-

nychus sp. and Ancyronyx sp., elmids proclaimed by Sinclair (1964) to be

sensitive to sewage and industrial wastes, were collected at Station 9.

A great variety of other intolerant organisms were present including

Cryptotendipes sp., Robackia demeijerea, Corynoneura, Thienemanniella

xena, Potthastia longimanus, and Corydalus cornutus. Every major aquatic

insect group was well established (Tables 15 and 16). All of the above

qualities suggest a very "healthy" benthic community.

Sediments in the Savannah River at Station 10 were rare, but were present

in blasted channels directly downstream of large boulders. Since the

riverbed was primarily bedrock and boulders at Station 10, the benthic

samples collected at Station 10 were not truely representative of the

bottom since the samples were collected only where sediments were found.

In addition, July Benthic Sample 10-D was collected ircmn a sandbar down-

stream of a small tributary. Diversity values were somewhat low in

February (mean 1.364), but July values were higher *mean 2.846). Densi-

ties (overal) mean 745/mi2 ) and biomass (overall mean 0.234 gram/m 2 )

"values also were relatively low. Benthic samples showed a decrease in

soecies richness from February (23) to July (12). Trichoptera were

sparse and no Plecoptera or Ephemeroptera were detected (Tabls 15 and

16). The benthos were primarily comprised of facultative chironomid

midge larvae. Large fluctuations in river flow and low temperatures as a

result of hypolimnetic discharges from the Hartwell Dam, may have been

°.



SAVANNAH/ I1. 8 /RES .46
12/22/81

the primary detrimental factors influencing the benthic community at

Station 10.

Station i was subject to heavy siltation. Sediments were composed of a

layer of fine red silt overlying a layer of anoxic black sapropel.

Although species richness in the natural substrate increase& from

February to July, diversity decreased to 0.645 due to extremely large

numbers of tubificids. Benthic biomass (February 0.028, July

"4.594 grams/m2 ) and density (February 87, July 11,772/m2 ) also drama-

ticalty increased. High density is often associated with organically

enriched environments. However, high densities do occur "naturally"

during the reproductive cycles of certain invertebrates. The benthic

community at Station 11 was dominated by tubificids, the saprophilic

midge larvae, Psectrotanypus dyari, and other facultative midges includ-

ing Polypedilum spp., Chironomus sp., and Conchavelopia sp. Species

intolerant of low oxygen and high organic loading uere absent.

Epheremeroptera and Trichoptera were rare and no Plecoptera were

collected (Tables 15 and 16). This benthic community is one adapted Lo

an area of heavy siltation, low oxygen, and a high rate of organic load-

ing. This conclusion is further supported by high BOD, COD, phosphate,

and TOC values (Appendix C).

Tissues

Complete tissue analyses results for the April through May and July

through August tissue sampling periods are presented in Appendix G. All

concentrations are presented on a wet weight basis. In order to facili-

tate discussion, tissue results will be presented by the following major

groups of organisms: insect larvae, crayfish, surface fish, and bottom

fish.

Insect Larvae--Chemical analyses results for the insect larvae sampling

periods are presented in Appendix G, Table G-1. Due to insufficient

sample volume, heavy metal analyses are incomplete for the April through

May insect larvae sampling period. However, all organic analyses for
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organochlorine pesticides and PCBs are complete. The results of the

heavy metal analyses for the May and July caddisfly larvae sampling in

the Savannah River at Stations 2, 6, and 8 indicate that levels of

arsenic, cadmiuim, and selenium were near or below the respective

detection levels (0.50, 0.05, and 0.50 mg/kg, respectively) at all

sampling locations. No consistent trends were noted for chromium, lead,

or mercury due to the incomplete data and the variation in replicate

analyses results. Chromium levels ranged from <0.05 mg/kg to 18.00 mg/kg

(Station 6 in May). Lead concentrations ranged from below the detection

level (0.05 mg/kg) to 2.8 mg/kg (Station 8 in July) and mercury levels

varied from below the detection limit (0.006 mg/kg) to 0.880 mg/kg

(Station 2 in May). However, due to the incomplete data and the

variation between sample replicates (caused in part by the small sample

volumes used during analyses), it is uncertain if the abovementioned

elevated levels represent actual levels or are normal between sample

variation. Zinc concentrations were relatively uniform in the caddisfly

larvae collected in the Savannah River, with values ranging from 15.0 to

41.0 mg/kg (overall mean 26.0 mg/kg). Concentrations of organochlorine

pesticides and PCBs in the insect larvae collected in the Savannah River

were generally below the detection limits in both May and July, except

for levels of BHC, P'P' DDE, heptachlor, and PCB. Except for BHC,

U concentrations of these parameters were highest in caddisfly from
h..

Station 6, based on the limited analyses performed. BHC-alpha isomer

levels ranged from (1.0 to 16.0 micrograms/kilogram (ug/kg) (Station 8 in

July). Concentrations of P'P' DDE, heptachlor, and PCB-Aroclor 1254

ranged from 10 to 46 ug/kg, 4 to 10 ug/kg, and 61 to 170 ug/kg,

respectively, with the highest concentrations of each found in the May

tissue samples from Station 6. The reason for tGse elevated levels at

Station 6 (compared to the levels at Stations 2 and 8) is uncertain, but

may-be due to an increase in agricultural runoff in this area.

In July, cranefly larvae (Tipula sp.) also were collected at Station 8.

L lHeavy metal and organochlorine pesticide concentrations were lower in the

Station 8 cranefly larvae than in the caddisfly larvae. All chemical
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concentrations were near or below the detection levels except lead

(0.46 mn ), zinc (11.0 mg/kg), BHC-alpha isomer (6.0 ug/kg), P'P' DDE

(9.0 ug/kg), heptachlor (5.0 ug/kg), and PCB-Aroclor 1254 (62 ug/kg).

These lower concentrations are probably related to a difference in food

preference between caddisfly and cranefly larvae.

In Beaverdam Creek (Station 4) and Little Generostee Creek (Station 7),

heavy metal concentrations in the hellgrammite larvae were generally near

. or below the detection limits with the exception of zinc. Zinc levels

were comparable to levels found in the caddisfly larvae in the Savannah

River with values ranging between 22 and 43 mg/kg at Station 4 and from

29 to 30 mg/kg at Station 7. At these tributary stations, organochlorine

pesticide and PCB concentrations in the hellgrammites were all below the

detection levels except for chlordane (34.0 ug/kg, Station 4 in April)

and P'P' DDE. Hellgrammite tissue concentrations of P'P' DDE were 27.0

and 6.0 ug/kg at Station 4 in April and July, respectively, and in

hellgrammites from Little Generostee Creek the P'P' DDE levels were 42.0

and 28.0 ug/kg in April and July, respectively. These concentrations of

DDE probably represent agricultural runoff throughout the area.

However, it should be noted that no detectable concentrations of

PCB-Aroclor 1254 were found in the hellgrammites from the tributaries.

This absence would indicate a localized PCB contamination source on the

Savannah River upstream of Station 8.

Crayfish--Crayfish (Cambarus bartonii and Procambarus raneyi) were

collected in the Savannah River (Stations 2, 6, and 8), in Beaverdam

Creek (Station 4), and in Little Cenerostee Creek (Station 7) during

April through May and July through August. Crayfish collected in April

in the Savannah River were not identified to species but were probably

C. bartonii. This assumption is based on the greater abindance of this

species in the Savannah River during the July through August coilections.

P. raneyi was virtually absent in the collections at Stations 6 and 8,

but at Station 2, enough P. raneyi were found to enable between-species

comparisons to be made at the same station.

L.
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Chemical analyses results for crayfish tissue are presented in

Appendix G, Table G-2. Each sample consisted of a composite of at least

five crayfish (usually 8 to 10). Comparisons of the chemical results for

the two species of crayfish (C. bartonii and P. raneyi) collected at

Station 2 in July indicate comparable heavy metal and pesticide concen-

trations, except for PCB-Aroclor 1254 which was 84 ug/kg wet weight in
the P. raneyi sample but below the detection limit (25 ug/kg) in the

C. bartonii sample. Although an attempt was made to use comparable

numbers and sizes of crayfish at each station, some variation did occur.

The P. raneyi sample at Station 2 in July consisted of nine crayfish

(total wet weight 12! grams) aud the C. bartonii sample consisted of 10

crayfish (total weight 69 grams). The higher total wet weight

(121 grams) for P. raneyi crayfish indicates that the crayfish in this

sample were slightly larger and possibly older, which could account for

the higher PCB concentration in P. raneyi.

Chemical results for all crayfish collected in the Savannah River in

April and in July through August show that concentrations of arsenic and

selenium were always below the detection limits (0.5 and 0.5 mg/kg,

respectively). Cadmium concentrations were substantially higher in the

April samples than in the July through August samples (means of 2.50 and

0.11 mg/kg, respectively), but showed no consistent areal trends. Zinc

concentrations were fairly uniform in the Savannah River with values

varying between 25 and 54 mg/kg (mean 41 mg/kg). Concentrations for the

remaining heavy metals were frequently above the detection levels but

showed no consistent chronological or areal trends. Chromium concentra-

tions ranged from <0.50 to 3.20 mg/kg, mercury from <0.006 to

0.120 mg/kg, and lead concentrations were always <6.80 mg/kg.

Detectable concentrations of organochlorine pesticides and PCBs were not

found in at-y of the April crayfish samples from the Savannah River. In

the July through August samples, however, detectable levels of chlordane,

P'P' DDD, P'P' DDE, heptachlor, and PCB-Aroclor 1254 were found. Based

on the limited number of organic analyses, chlordane concentrations were

.......................................



SAVANNAH/I I.8/RES.50
12/22/81

<1.0 ug/kg at Station 8 and increased to a mean of 18.0 ug/kg for the two

crayfish species (Cambarus bartonii and Procambarus ranevi) collected at

Station 2. P'P' DDE concentratiorts ranged from 12.0 ug/kg in the

crayfish fiom Station 8 to 20.0 ug/kg in the crayfish at Station 6.

Eighteen ug/kg of P'P' DDD was also found in the crayfish from Station 6.

Heptachlor concentrations ranged between 3.0 and 6.0 ug/kg.

Concentrations of PCB-Aroclor 1254 varied from below the detection limit

(<25 ug/kg) in the C. bartonii sample at Station 2 to 130 ug/kg at

Station 10.

In Beaverdam Creek and Little Generostee Creek, concentrations of

arsenic, cadmium, and selenium were generally near or below the detection

limits (0.5, 0.05, and 0.5 mg/kg, respectively) in both the May and

August samples. Chromium, lead, and mercury concentrations were often

above the detection limits (0.5, 0.05, and 0.006 mg/kg, respectively).

Chromium ranged from <0.50 to 1.70 mg/kg in crayfish from Station 4 and

from 0.66 to 0.90 in crayfish from Station 7. Crayfish tissue

concentrations of lead at Stations 4 and 7 ranged from 0.50 to 15.00 and

2.30 to 6.40 mg/kg, respectively, with higher concentrations found in the

July samples. There were no consistent trends noted for mercury

concentrations in the tributary crayfish and all values were

<0.111 mg/kg. Based on the limited sampling, zinc concentrations in

crayfish were substantially higher at Station 4 (mean 115.0 mg/kg) and

* Station 7 (mean 145.0 mg/kg) than at the Savannah River stations (mean

41.0 mg/kg). The reason for these elevated zinc concentrations in the

.5crayfish from the tributaries is unknown. Organochlorine pesticides and

PC3 concentrPtions in crayfish from Stations 4 and 7 were all near or

below the detection levels except for chlordane, P'P' DDE, and

heptachlor. Chlordane concentrations in crayfisn at Station 4 were 21.0

and 7.0 ug/kg and Pt Station 7 the levels were <1.0 and 4.0 ug/kg in May

and August, respectively. P'P' DDE concentrations varied at Station 4

from 2.0 (May) to 6.0 ug/kg (August) and at Station 7 from 11.0 to

14.0 ug/kg in May and August, respectively. Heptachlor levels in
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crayfish varied from 7.0 to 2.0 ug/kg at Station 4 and <1.0 to 1.0 ug/kg

at Station 7 in May and August, respectively.

A comparison of the results for all the crayfish samples indicates that

P'P' DDE is widespread throughout the study area since it was found in

crayfish from both the Savannah River and the two tributary stations.

Based on the relatively low concentrations found, agricultural runoff is

probabl the source of the DDE in the study area. The increase in

organochlorine pesticides and PCBs in the Savannah River crayfish from

July through August can probably be accounted for by the increase in

activity and food consumption in the summer compared to that of the April

through May sampling period. It should also be noted that while

detectable levels of PCB-Aroclor 1254 vere found in the crayfish

collected in the Savannah River, no detectable levels of PCB were found

in tributary crayfish. This is in agreement with insect larvae results

and again indicates that PCBs in the study area are limited to the

Savannah River.

Surface Fish--Complete chemical analyses results for surface fish

collections are presented in Appendix G, Table G-3. Because of the

habitat variability in the Savannah River, the same species of surface

fish could not be collected at each of the tissue-sampling locations.

Fish species collected were white bass (Marone chrysops) at Station 2,

redbreast sunfish (Lepomis auritus) at Gregg Shoals. and bluegills

(Lepomis macrochirus) at Station 10. Results of the heavy metal analyses

indicate that, except for zinc, all heavy metal concentrations in surface

fish collected from the Savannah River were near or below the detection

levels. Zinc concentrations in white bass at Station 2 ranged from 3.3

to 23.0 mg/kg (mean 9.9 mg/kg). In the redbreast sunfish from Gregg

Shoals, zinc concentrations ranged from 4.7 to 6.5 mg/kg (mean 5.8 mg/kg)

and in the bluegills at Station 10, zinc ranged from 5.9 to 14.0 mg/kg

(mean 8.4 mg/kg). No substantial or consistent trends in heavy metal

concentrations were noted between sampling periods or between stations.
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In white bass collected at Station 2, deLectable levels cf the following

organochlorine pesticides and PCBs were found: PHC-alpha isomer--

3.0 ug/kg (August); BHC-gamma isomer--2.0 ug/kg (August); chlordane--

27.0 ug/kg (August); P'P' DDD--25 ug/kg (August); P'P' DDE--100 ug/kg

(May) and 70 ug/kg (August); heptachlor--4 ug/kg (May) and 11 ug/kg

(August); and PCB-Aroclor 1254--140 ug/kg (May) and 130 ug/kg (August).

All other pesticides and PCB concentrations were below the detection

levels. In redbreast sunfish collected at Gregg Shoals, detectable

levels of pesticides and PCBs in the August collections were: BHC-alpha

isomer--2.0 ug/kg; chlordane--6.0 ug/kg; P'P' DDD--8.0 ug/kg; P'P' DDE--

70 ug/kg; P'P' DDT--ll.0 ug/kg; heptachlor--3.0 ug/kg; and PCB-

Aroclor 1254--52 ug/kg. In the May collections, the only detectable

pesticide was P'P' DDE (12 ug/kg). In bluegills collected just down-

stream of Hartwell Dam (Station 10), P'P' DDE was the only pesticide

which was substantially present (17.0 ug/kg) in May. In August, however,

the following pesticides and PCBs were present: BHC-alpha isomer--

3.0 ug/kg; chlordane--10.0 ug/kg; P'P' DDD--7.0 ug/kg; P'P' DDE--

37.0 ug/kg; P'P' DDT--8.0 ug/kg; heptachlor--2.0 ug/kg; and PCB-

Aroclor 1254--61 ug/kg. It is assumed that the elevated pesticide and

PCB levels found in August reflect increases in fish activity and feeding

compared to May levels. L

At the tributary stations (Station 4 on Beverdam Creek and Station / on

Little Generostee Creek), heavy metal concentrations in the surface fish

collected generally were near or below the detection limits although

small quantities of mercury were detected in redbreast sunfish collected -

at Stations 4 and 7 with values ranging from 0.014 to 0.059 mg/kg. Zinc

concentrations varied from 4.8 to 11.0 mg/kg (mean 5.9 mg/kg) and were

comparable to the concentrations found in the surface fish in the

Savannah River. However, these levels were substantially lower than the

concentrations found in crayfish (mean of 73.0 mg/kg) or insect larvae

(mean of 26 mg/kg) within the study area.
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Bluegills and redbreast sunfish were both collected in July at Station 4

in order to compare variability between the two species. Based on these

limited collections, it appears that bluegills collected at Station 4 had

slightly higher levels of organochlorine pesticides and PCBs than did

redbreasted sunfish. Detectable levels in bluegills were: BHC-alpha

isomer--l.0 ug/kg; chlordane--12.0 ug/kg; P'P' DDD--6.0 ug/kg; P'P'

DDE--27 ug/kg; heptachlor--2.0 ug/kg; and PCB-Aroclor 1254--38 ug/kg. In

the redbreast sunfish at Station 4, the following parameters were

detected: chlordane--9.0 ug/kg (July) and P'P' DDE--5.0 ug/kg (May and

July). At Station 7 in Little Generostee Creek, detectable levels o;i

pesticides and PCBs in redbreast sunfish collections were: chlordane--

20 ug/kg (July); P'P' DDD--6.0 ug/kg (July); O'P' DDE--12 ug/kg (July);

P'P' DDE--28 ug/kg (May) and 22.0 ug/kg (July); heptachlor--3.0 ug/kg

(May) and 2.0 ug/kg (July); and PCB-.Aroclor 1254--80 ug/kg (May). Since

no detectable concentrations of PCB-Aroclor 1254 or the metabolites of

DDT were found in insect larvae or crayfish at Stations 4 and 7, it is

probable that the bluegills and redbreast sunfish have migrated into the

tributaries from the Savannah River, possibly overwintering in the

river.

Bottom Fish--In the Spring, silver redhorse suckers (Moxostoma anisurum)

migrate from tie deeper waters where they overwinter up into shallow

waters to spawr,. During the April through May sampling period, silver

redhorse suckers were present at all five tissue sampling stations

(Stations 2, 4, 6, 7, and 8). In August, silver redhorse suckers were

still present ir. the Savannah River but were very scarce in the

tributaries; due to this scarcity, green bullheads (Ictalurus brunneus)

were collected in Beaverdam Creek (Station 4) and in Little Generostee

Creek (Station 7) in August. Complete chemical results for these

bottom-feeding fi;•h are presented in Appendix G, Table G-4.

Table G-4 shows that, with the exception of mercury and zinc, heavy metal

concentrations in both fish species were near or below the detection

levels in all samples. Mercury concentrations in the silver redhorse
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suckers at Station 2 also were generally near the detection level (rang-

ing from <0.006 to 0.039 mg/kg), but mercury concentrations at Stations 6

and 8 were slightly elevated. At Station 6, mercury concentrations in

the fish ranged from 0.031 to 0.330 mg'kg (mean 0.198 mg/kg) and at

Station 8 the concentrations ranged from <0.006 to 0.250 mg/kg (mean

0.157 mg/kg). At Station 4, mercury levels varied from <0.006 to 0.330

(mean 0.169 mg/kg) and at Station 7 the levels ranged from <0.006 to

0.250 (mean 0.157 mg/kg). Due to the limited number of analyses, it is

not certain if the elevated mercury levels represent actual increased

concentrations or if they are simply normal variability in analyses.

Zinc concentrations for all bottom-fish samples were fairly uniform with

values ranging between 1.4 and 9.9 mg/kg (mean 4.1 mg/kg). These concen-

trations are comparable to the levels found in the surface fish.

Comparison of the results for the Savannah River bottom-fish samples

indicate that the conceatrations of the detectable organochlorine pesti-

cides and PCBs become progressively greater upstream. In the April

through May sampling period, the concentration of PCB-Aroclor 1254 was

570, 1,400, and 1,600 ug/kg in fish from Stations 2, 6, and 8,

respectively; in August, the levels were 110, 480, and 1,200 ug/kg at

Stations 2, 6, and 8, respectively. Based on this limited sampling, it

appears that the silver redhorse suckers at the upstream stations in the

Savannah River are more highly contaminated with PCB than fish at the

downstream stations. At the tributary sampltng locations in April, the

concentration of PCB-Aroclor 1254 in the silver redhorse suckers was E

2,400 ug/kg at Station 4 and 260 ug/kg at Station 7. As stated

previously, the silver redhorse suckers move into shallow water in spring

to spawn. Since silver redhorse suckers were not found in the

tributaries in August, it is probable that the populations in Beaverdam

Creek and Little Generostee Creek were transitory and actually spent most

of the year in the river. Therefore, the chemical concentrations found

in the silver redhorse suckers at Station 4 and 7 are probably not

indicative of any levels of contamination in the tributaries.
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Concentrations of DDT and its metabolites in the silver redhorse suckers

followed the same trends as the PCB cotncentrations. In May, concentra-

tions of P'P' DDD and P'P' DDE were 74.0 and 480.0 ug/kg, respectively,

in fish from Station 2. Concentrations at Stations 6 and 8 were masked

by the high concentrations of PCB present. However, in July,

concentrations of P'P' DDD were 16.0, 48.0, and 170.0 ug/kg; P'P' DDE

concentrations were 75.0, 320.0, and 910.0 ug/kg; and P'P' DDT concen-

trations were 21.0, 140.0, and 400 ug/kg at Stations 2, 6, and 8,

rý.spectively.

BHC-alpha isomer, chlordane, and heptachlor concentrations also

progressively increased upstream in the August fish samples from the

Savannah River. BHC levels were 2.0, 6.0, and 22.0 ug/kg; chlordane

levels were 13.0, 52.0, and 150.0 ug/kg; and heptachlor levels were 3.0,

8.0, and 23.0 ug/kg at Stations 2, 6, and 8, respectively. The reason

for this trend is not certain but may indicate a source of contamination

for these parameters upstream of Station 8--possibly in Hartwell Lake.

Detectable concentrations of pesticides and PCBs in the August green

bullhead samples from Beaverdam Creek were: chlordane--7.0 ug/kg; P'P'

DDD--4.0 ug/kg; and P'P' DDE--5.0 ug/kg. In the August green bullhead

samples from Little Generostee Creek, detectable concentrations were:

chlordane--5.0 ug/kg; P'P' DDD--6.0 ug/kg; O'P' DDE--5.0 ug/kg; and P'P'

DDE--41.0 ug/kg. Concentrations of all other parameters (including PCBs)

were below the detection levels. This again indicates that PCB

contamination is currently restricted to the Savannah River.
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SUMMARY

The purpose of the Richard B. Russell Preimpoundment Study was to

document the preinpoundment water quality conditions within the future

area of Lake Russell. The database will be utilized for the combined

purposes of future reference, identification of any potential water

quality problems prior to reservoir filling in 1983, and facilitation of

coordination betweer the COE Savannah District and state agencies in the

implementation of watershed pollution control measures.

Meteorological, hydrological, water quality, sediment, and biological

data were obtained at a total of 12 sampling locations in a 48-km

(30-mile) stretch of the Savannah River and its tributaries just

downstream of Hartwell Dam. Sampling was performed during two major

sampling periods (February and July) in 1981. Biological sampling

included bacteria, periphyton, macroinvertebrates, insect larvae,

crayfish, fish, and riparian vegetation.

Flow within the reach of the Savannah River study area is presently

governed by water discharge from Hartwell Dam during periods of peak

power generation. These discharges generally occur on weekday mornings

and afternoons for periods of 4 to 5 hours and create rapid changes in

flow, depth, temperature, dissolved oxygen, and other physical-chemical

properties of the tailwater.

Water quality sampling was performed at each of the designated stations

on February 9, 11, and 13 and July 13, 15, and 17. Sampling during

February was representative of cold temperatures and high flow conditions

(primarily caused by a storm event with 7.1 cm of rainfall). Sampling

during July was representative of warm temperatures and low flow

(non-storm event) conditions. In addition, a diei study was conducted at

four sampling stations (Stations 2, 3, 4, and 10) on July 16 and 17 with

sampling at 3-hour intervals for 24 hours.
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Water Quality

In general, the water quality of the Savannah River and its tributaries

within the study area is of good quality. No jateral or vertical

stratification was found for temperature, dissolved oxygen, or pH at any

of the sampling locations. In February, the water temperature was <8"C

at all stations. By July, the temperatures had warmed to approximately

24"C except in the Savannah River where temperature~s were approximately

10C lower. Specific conductance generally was low in both the February

and July sampling periods (overall mean of 55 umhos/cm at 25°C). In

February, dissolved oxygen levels were near (>90 percent) or above the

saturation level. In July, dissolved oxygen levels and pernrit satira-

tion values were lower, but were still >5 mg/I (55-percent saturation) at

all stations. pH values generally ranged between 5.0 and 7.6, while ORPs

ranged from +407 my in Coldwater Creek (Station 5) in February to +669 mv

just downstream of Hartwell Dam (Station 10) in February. These ORP

levels are characteristic of highly oxygenated waters throughout the

southeastern United States.

On February 9 in the Savannah River and its tributaries at Stations 1

through 10 (Figure 1), color, turbidity, and total nonfilterable residue

levels generally were low (overall means of 32 Pt-Co units, 5.9 FTU, and

<6 mg/l, respectively). Comparable levels were found in July.

The water of the Savannah River and its tributaries can be classified as

soft, with values for alkalinity and hardness generally <50 and 25 mg

CaCO 3 /1, respectively. Chloride levels were relatively low and

uniform, with most values generally between 1 and 8 mg Cl/I. Iron and

manganese concentrations generally were within the range expected in

slightly acidic surface watero where clay is the predominant soil type.

Iron and manganese concentrations usually were <1.0 mg/l except on

February 11. Potassium concentration3 generally were <3 mg K/1 and

sojium concentrations were <5 mg Na/l. TOC values were approximately

2.2 mg C/I prior to the heavy (7.1-cm) rainfall on February 10 and 11,

but generally were higher in July (mean 5.3 mg C/l). Free CO2
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concentrations generally were lower in July (mean of 15 mg CO,2/) than

in February (mean of 39 mg CO2 /l) at Stations I through 10.

Total ammonia, nitrate plus nitrite, TKN, and dissolved TKN levels

generally were slightly higher in the tributaries than in the Savannah

River. During July, total phosphate levels were higher in the

tributaries than in the Sa,,,nnah River (means of 0.165 and 0.036 mg P/l,

respectively); levels were comparable to those on February 9.

On February 9, BCD and COD levels were relatively low (means of 1.5 and

7.2 mg/l, respectively) in the lower portion of the Savannah River and

its tributaries; comparable levels were found in July. Chlorophyll lev-

els were relatively uniform in February with a mean concentration of

<5 ug/l. In July, chlorophyll concentrations were higher in the tribu-

taries (mean 3.15 ug/l) than in the Savannah River. The highest chloro-

phyll levels were found in Station 4 (Beaverdam Creek) (mean 7.08 ug/l)

in July.

Total coliform (TC), fecal coliform (FC), and fecal streptococcus (FS)

concentrations generally were low at all stations on February 9 and

July 13, 15, and 17. FC to FS (FC:FS) ratios indicate nonhuman bacterial

sources for all samples collected during both February and July, except

at Station 7 (Little Generostee Creek) on February 9 when the FC:FS ratio

was approximately 14.

The most significant event during the water quality sampling was a 7.1-cm

rainfall on February 10 and 11. On February 9, sampling performed at

each station probably reflect normal February levels for the parameters

sampled. Sampling on February 11 resulted in levels indicative of a very

heavy rainfall with associated excessive watershed runoff. Conditions

were returning to near normal on February 13. On February II following

the 7.1-cm rainfall, color, turbidity, and total nonfilterable residue

.!S* '
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levels in the Savannah River and its tributaries increased one to two

orders of magnitude with means of 125 Pt-Co units, 188 FTU, and 291 mg/l,

respectively.

Total iron concentrations also increased in the lower portion of the

Savannah River and in Rocky River (Station 3), Beaverdam Creek

(Station 4), Coldwater Creek (Station 5), and Little Generostee Creek

(Station 7), with mean concentrations >15 mg Fe/l. TOC values also

increased in the lower portion of the Savannah River and its tributarier

(mean of 5.7 mg C/I). Total ammonia, nitrate plus nitrite, TKN, and

dissolved TKN levels only slightly increased, whereas total phosphate,

orthophosphate, and dissolved orthophosphate levels increased by approxi-

mately one order of magnitude (mean of 0.583, 0.044, and 0.045 mg P/I,

respectively) compared to the levels on February 9. BOD levels increased

slightly (mean of 3.8 mg/i), but COD levels increased substantially (mean

37 mg/I).

Of all the parameters, bacteria showed the -reatest changes in concentra-

tions. In the lower portion of the Savannah River (Stations 1 and 2),

FC, TC, and FS concentrations increased from geometric mean levels of <4,

770, and 4/100 ml on February 9 to mean levels of 510, 4,867, and

7,141/100 ml on February ii. In the tributaries, geometric mean concen-

trations of FC, TC, and FS increased from 97, 155, and 76/100 ml on

February 9 to mean concentrations of 1,210, >5,837, and 21,226/100 ml on

February 11. These large increases were due to the excessive watershed

runoff; FC:FS ratios indicate nonhuman bacterial sources for all

samples.

Comparison of Results With Water Quality Criteria

A comparison of the water quality results to the EPA, Georgia, and South

Carolina water quality criteria show3 that the detected levels for the

abovementioned parameters generally were within acceptable levels, except

for those due to natural causes such as the low alkalinity values and the

high iron and bacteria concentrations following the 7.1-cm rainfall on

February 10 and 11.

• . . . • . . . . • ., • . .. . 0 ° , 4 .



SAVANNAH/I1.7/SUMMARY.5
12/23/81

Diel Water Quality

n Results of the July diel sampling did not produce much useful information

since three of the stations (Stations 2, 3, and 10) were located

downstream of dams which discharged water for power generation during the

period of the diel. Instead of showing the gradual declines and

increases expected during a diel, the results reflected changes which

occur when water is discharged from the dams upstream for power genera-

tion. During the diel, there was a drop in water temperature and

"dissolved oxygen (with corresponding percent saturation of dissolved

oxygen) as the wave front of the discharged water passed the sampling

locations; these values then slowly increased again. Limited variation

was found in the other chemical parameters and values were comparable to

those measured during the water quality sampling.

Station 4 (Beaverdam Creek) was the only one of the four diel stations
where typical diel trends were found during the sampling. Temperature,

dissolved oxygen, percent saturation of dissolved oxygen, and pH

increased during the day and decreased at night, while the reverse trends

were found for CO2 . Limited variation was found in the other chemical

parameters and levels were comparable to those found during the water

quality sampling.I

Sediments

Sediment sampling results for the February and July periods show that the

"bottom sediments generally are coarse sand in the portions of the

Savannah River and its tributaries which are not characterized by exposed

bedrock. Means for TOC, volatile solids, and oil and grease were 0.11,

1.0, and 0.2 percent total dry weight, respectively, with little varia-

tion found between stations. TKN (range <20 to 260, mean 69 mg N/kg dry

weight) and total phosphorus (range 27 to 410, mean 83 mg F/kg dry

weight) levels in the sediments were slightly higher in the tributaries

than in the Savannah River.

I
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Mean concentrations (mg/kg dry weight) of metals had ti following

ranges: arsenic, cadmium, and copper--<1.O; chromium, lead, nickel, and

zinc--<l0; mercury--<0.014; manganese--<350; and iron--<5,400. These

ranges are not indicative of serious levels of heavy metal contamination

in areas where clay is the predominant soil type. Pesticide and PCB

concentrations were below the detection levels in all of the sediment

samples from both February and July.

Periphyton

Diatoms accounted for the greatest percentage of all algal divisions

present on the PeriphytometersT in February and July (83 and 52 percent,

respectively). Cool water temperatures probably account for this distri-

bution, since diatoms prefer water temperatures of <30°C. Cell densities

in the Savannah River were lowest just below Hartwell Dam (2,148 and

273,659 cells/cm in February and July, respectively) and gradually

increased downstream to Station 1 just below Richard B. Russell Dam site

(175,065 and 1,043,963 cells/cm2 in February and July, respectively).

Variation in water velocity passing the PeriphytcmetersTM probably

accounts for this cell density gradient. Cell densities in the tribu-

taries were apparently more dependent on temperature and light intensity.

Most of the diatom species found during this study were characteristic of

circumneutral-to-acidic water of low mineral content. Nineteen of the

73 diatom taxa found during this study are associated with eutrophication

in lakes throughout the eastern and southeastern United States (Taylor

et al., 1980). These taxa generally were found in low cell densities and

also may be found frequently in moderately enriched waters. Total

phosphate levels indicate that Rocky River (Station 3), Coldwater Creek

(Station 5), and Little Cenerostee Creek (Station 7) could be classified

as unenLiched to moderately enriched, while the remainder of the

tributaries and the Savannah River would be classified as highly enriched

waters, based on the limited sampling during this study.

r..-
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Macroinvertebrates

Benthic and Hester-Dendy macroinvertebrate assemblages were

characteristic of pollution-free riverine environments. Diversity and

biomass values generally were lower in the Savannah River than in the
L.

tributaries.

Following completion of Richard B. Russell Dam and filling the reservoir,

the drastically reduced flow rates will probably result in a "rain" of

fine silt which will eventually collect at the bottom of the reservoir.

The slow-moving water and silt-laden bottom will result in a shift from

the present macroinvrtebrate assemblages to ones dominated by the

burrowing mayfly (Hexagenia), the Asiatic clam (Corbicula), Chaoborus,

chironomids, and oligochaetes.

Station 11 Water Quality

Of the water quality stations sampled, Station 11 was the most signifi-

cant in regard to potential water quality problems when the reservoir is

filled. This sampling station, located in a small stream (<2 meters

wide) which presently receives the discharge from the Bigelow-Sanford

Carpet Factory, was sampled on February 13 and July 15. In February, the

water was a definite purple color; in July, it was green due to the

presence of dye in the water. Color levels were 300 to 400 Pt-Co units

in both February and July, and the dye concentration was high enough to

dye the ropes used to attach the Periphytometers'T and Hester-Dendy

samplers. Of the parameters sampled, the following were substantially

higher at Station 11 than at the other stations within the study area:

"conductivity (mean 207 umhos/cm at 25°C), color (mean 370 Pt-Co units),

sodium (mean 27.68 mg Na/i), TOC (mean 24.2 mg C/i), BOD (mean 13 mg/i),

COD (mean 66.5 mg/i), TKN (mean 3.14 mg N/I), and dissolved TKN (mean

1.83 mg N/i).

Additional water quality sampling was performed upstream of Station ii

(at Station 12) in July. Replicate means for the abovementioned

V
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parameters were considerably lower with the following mean

concentrations: conductivity (151 umhos/cm at 25°C), color (105 Pt-Co

units), sodium (8.02 mg Na/l), TOC (3.3 mg C/1), BOD (<1 mg/i), COD

(2.7 mg/I), TKN (<0.25 mg N/I), and dissolved TKN (<0.25 N/i).

Sediment sampling results at Station 11 indicate higher mean concen-

trations of volatile solids (3.35 percent total dry weight), TKN

(145 mg N/kg), total phosphorus (244 mg P/kg), copper (4.7 mg Cu/kg),

iron (1/,800 mg FE/kg), and zinc (27.9 mg Zn/kg) compared to the other

stations. Since sediment sampling was not performed upstream of the

Bigelow-Sanford Carpet Factory discharge, it is not known if these

elevated levels are related to the carpet factory discharge or are

characteristic of this stream due to the higher percentages of silt and

clay in the sediments.

Periphyton concentrations were low at Station I. compared to the other

2tributaries (1,351 cells/cm in February) with diatoms accounting for

87 percent of the assemblage present on the PeriphytometerM in February.

In July, concentrations were higher (27,817 cells/cm 2) and Chlorophyta

accounted for the highest percentage (50 percent) of the assemblage.

However, it was noted that very few euperiphytic species were present but

planktonic species were abundant. The reason for the lack of periphytic

species at this station is unknown.

The benthic macroinvertebrate community at Station 11 was one adapted to

heavy siltation, low dissolved oxygen, and a high rate of organic

loading. Tubificids, saprophilic midge larvae (Psectrotanypus dyari),

and other facultative midges were the dominant macroinvertebrates

present.

Tissues

Results of the tissue analyses indicate that concentrations of metals

generally were near or below the detection levels with no substantially

i
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higher values found. However, detectable levels of BHC, chlordane, and

heptachlor, as well as generally high levels of PCB-Aroclor 1254 and

metabolites of DDT, were found in tissue samples collected in the

Savannah River. Concentrations of P'P' DDE in the caddisfly larvae,

crayfish, surface feeding fish, and bottom feeding fish generally ranged

from 10 to 46, 12 to 20, 12 to 100, and 75 to 910 ug/kg wet weight,

respectively, in the Savannah River. Detectable levels of PCB-

Aroclor 1254 in the same tissue samples ranged from 61 to 170, 83 to 130,

52 to 130, and 110 to 1,600 ug/kg wet weight, respectively.

In the two tributaries sampled [Beaverlam Creek (Station 4) and Little

Generostee Creek (Station 7)], detectable levels of BHC, chlordane, and

heptachlor were occasionally found in the iellgrammites, crayfish, and

surface fish, but levels were not as high as in the Savannah River.

Detectable P'P' DDE levels ranged from 6 to 42, 2 to 14, and 5 to

28 ug/kg wet weight, respectively, in the hellgrammites, crayfish, and

surface feeding fish. However, detectable concentrations of PCB-

Aroclor 1254 were not found in these tissues. This data indicates that

the low concentrations of BHC, chlordane, heptachlor, and metabolites of

DDT detected in the tributaries are due to agricultural runoff throughout

the system. PCB-Aroclor 1254 appears to be limited to the Savannah

River, with the primary source of contamination upstream of Hartwell Dam

since detectable levels (61 ug/kg wet weight) were found in bluegills

caught just below Hartwell Dam in July and concentrations in silver

redhorse suckers increased progressively upstream from Station 2 to

Station 8 in both the April-through-May and the August sampling periods.

Since pesticide and PCB concentrations in sediment samples from the

Savannah River and its tributaries were all below the detection levels

and could not be the contaminating source, it is unknown where or how the

organisms within the study area are contacting the pesticides and PCBs.

Obviously, the organisms cannot migrate upstream of Hartwell Dam and then

return downstream. However, since no pesticide or PCB analyses were

performed on the water samples, or on the abundant algae and aquatic
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mosses which grow nrofusely on the rocks in the river and streambeds, it

is possible that either or both of these sources may be responsible for

the significant concentrations of chemicals within the organisms'

tissues.



RECOMMENDATIONS



SAVANNAH/II 1. I/RECOMMEND.1

12/24/81

RECOMNDENDAT IONS

Areas of Concern

Analysis of the results of this preimpoundment study indicate two major

areas which deserve consideration for future study. These areas of

concern are described in the following sections.

Bigelow-Sanford Carpet Factory Discharges--Analysis of data from

Station 11 (downstream of the Bigelow-Sanford Carpet Factory discharge)

identified a significant increase in numerous water quality and sediment

parameters during both -he February and July 1981 sampling periods. It

appears that these elevated levels ar.Ž related to the Bigelow-Sanford

Carpet Factory discharge since levels of these parameters were

substantially lower upstream of the discharge in July. Upon completion

of the Richard B. Russell Dam and the filling of the reservoir, the

Bigelow-

Sanford Carpet Factory discharge will be carried in a pipeline from the

factory to the vicinity of Station 11 and discharged into the Rocky River

arm of the reservoir through a diffusion head at the end of the pipeline.

Since the end of this pipeline will be at an elevation of 122 meters

(400 feet), and the maximum power pool will be at 144.8 meters

(475 feet), the factory discharge will probably discharge into the

hypolimnion of Lake Russell. However, the water discharged will probably

rise to the surface due to the warmer temperature of the discharge versus

the lake water. Therefore, it is recommended that further investigations

be conducted to determine exactly what components are being discharged

from the Bigelow-Sanford Carpet Factory in order to assess the effects

the discharge will have in the reservoir of Richard B. Russell Dam.

Significant Elevated Levels of PCB-Aroclor 1254 and Metabolites of DDT in

the Savannah River--Analysis of the results of this study also indicate

high levels of PCB-Aroclor 1254 and metabolites of DDT (particularly

P'P' DDE) in the Sarannah River, with the probable source upstream of the

study area. Unusually high concentrations of these chlorinated hydro-

carbons were found in silver redhcrse suckers having concentrations that
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progressively increased upstream in the Savannah River. Pesticide and

PCB concentrations in the sediment samples from the Savannah River were

all below the detection level (see Table 3). Due to the high concentra-

tions of pesticides and PCBs in organisms and low concentrations in

sediment samples, it is therefore recommended that further investigation

be pcrformed to determine the sources from which the organisms in the

Savannah River are contacting the pesticides and PCBs. This investiga-

tion should include a determination of the pesticide and PCB concentra-

tions in the water and abundant algae and aquatic mosses which grow

profusely on the rocks. Since water from the reservoir will be affecting

a much larger area, this determination will be critical to evaluate the

potential extent of future contamination upon filling the reservoir.

Postimpoundment Study Recommendation

It is recommended that a postimpoundment study be performed to include

possible periodic monitoring during filling of the reservoir in order to

j evaluate water quality changes which will chronologically develop in

Lake Russell.

L 'I '
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PARTICIPATING STAFF

Personnel primarily responsible for the sampling, data analyses, and

report preparation during the Richard B. Russell Preimpoundment Study are

listed in the following chart with respect to their individual area of

specialization, experience, and role in the study.
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PAirfCIPAIT% SWTAFF
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ee Are of ýpecialization Experience Pole in Study

Dr. H.O. Putnam Aquatic Biologist, 10 years, Faculty, thikersity of Florida, Depart- Project Manager.
Fcologtst ent of Environmr.tal S•iences; 6 years, Aquatic

Biology and Ecology, Environmental Science and
Engineering, Inc.; 1974-Present, Aquatic Biology and
Ecology. Environmetal Assessmt, Water and Air
Research, In.

Mr. M.K. lein Aquatic Botanist, 5 years experience in environmental consulting with Logistics, field supervision, water
Ecologist/Diatom and particular expertise in aquatic system, water quality, diel, and tissue sampling,
Algal Systesmtics quality, and botay. periphyton identification, data

analysis, and report preparation.

It. W.G. Thdess Envirorertal Engineer/ 2 years experience in enviromwental consulting with logistics, field supervision, water
Wlater resources emitusis on water quality studies, quality and diel sampling, data

analysis, and report preparation.

Mr. D.L. Emns Aquatic BiOlogist, 3 years experieie in environmental consulting with lsethic mcroinvertebrate sanpling
Ecologist/lenthlc emptasi s on aquatic systems ad tmdcological and identification, sediamnt am-
Macroinvertebrate studies. pllng, data analysLi, and report
Systemaetics preparation.

It. B.C. Pruitt, Jr. Enviroenrtal Sciece/ 11 years in eiriLOxaMtal science; 6 years partiei- Benthic macroimertebrate and sead-
Terrestrial Ecology, paring in interdisciplinary environm tal studies ment •lUrng, vgetation mapping,
Aquatic Macrinverte- with consulting firm. maroinvrtebrate identification,
brates and report preparation.

Mr. C.R. eteras Environmernta 5 years in enironmrenal laboratory supervidon; Supervision of all in-lwe inor-
Srientist/ participation in water quality nutrient budget gmic analyses an water, sediments,
Hvironmntal reearch projects. and tisumes.
Omtstry

Mr. R.D. Baker Asalytical ogani 5 yeas experience in OC md RPM analyses of Cgsanki analyses on sedients and
(]mistry/Gas pesticides, PCB's, EPA priority pollutants, and tissui.
ahromao*raph (GC) miscellaneou organics.
and igh erform ce
Uquid Chromatogruapy
OVIC) Aalyses

Mr. J.C. Niceols Enviroxnental Engineer/ I year, Design Engineer, Bese nt, %mmock, and Supervision ad coordination of all
Hylrology, Water alckmn, Inc.; 2 years, Design Engineer, City computerized data handlng.
Qiality, OCquter of imps, Florida; 6 yewrs, Environmental
Sciences Engineer, Envirotruual Studies, W/ater and

Air Research, Inc.

TIN(4ICAL SUPPMPESM

Aren of Spectalizationlibll in Study Name

lid lbrk Mr. D.P. Owmberisn, It. H.F. Dickinson, Mr. R.H. Lewis, ls. A.M. Pechlney,
Mr. M.P. Thime

Laboratory Analyses Mr. G.S. Burch, Ms. 1.T. De.Eclgaray, Ms. N.C. Ibdge, Mr. 5.1. Jett, Vt. M.J. MIhloy,
Mo. A.M. Pachney, Mr. R.K. Row, Me. D.L. Scott, Mr. M.P. T•p, Mr. J.E, to

cfroLntwrtebrate Picking Ms. L.A. Barnes, Wr. D.P. QisiberlIn, Yr. T.P. t'skem, ls. C.H. Evans

ad Sorting

OoMpueriand Data Hrdling Me. K.A. Barnes

Document Pr•o tton, O tordnstlon, and Ma. N.E. Lehmna
ehnlcAl W~ting/nditing

Orsjdes mid Drafting Mv. P.A. KIm.. Mr, J.R. tblllwil, *, DD. Nickelson

tewd Prasal4g Ms. J.S. fDrsay, Ms. C.1. Wttet, Mn. C.K. Oirter, Ps. A.L. Ftnnicin
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Table A-I. Richard B. Russell Preinpour&et Study-Contract No. DIV-1-81-C-OO29
1931 Monthly Average Discharges (CFS) on the SZi•nnah River at State

• High#ny 184 Bridge

USCS Station No. 02187500

SY.bnth Iva, Highuay 184 Bridge
(CUS)

January 3,067

February 2,643

March 2,207

April 2,363
-May 2,650June 

2,143

July 2,454

source: bMS, Wabter Resources Division, Colunbia, South Carolina (Preliminary Data).
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Table A-2. Richard B. Russell Preimpoxnkwent Study-Contract No. !1.021-81-C-0029

Daily Mean Gage Heights and Discharges an the Savamnah River

I!
USGS Station No. 02189000 USGS Station No. 02187500

Calhoun Falls, Highway 72 Bridge IP, Highxav 184 Bridge
Mar Gage Feight ban Gage Height Mean Discharge

Date (Feet) Above DatuD (Feet) Above Datun (CFS)
I

February

I Sunday 2.29 1.99 1,580
2 Monday 2.26 2.59 3,260
3 Tuesday 3.91 3.78 6,160
4 Wednesday 4.87 4.36 8,320
5 Thursday 3.41 3.06 3,690
6 Friday 2.88 2.90 3,120
7 Saturday 1.95 1.67 919
8 Sunday 1.19 1.01 242
9 Monday 2.34 2.33 2,570

10 Tuesday 2.81 2.88 3,050
11 VJednxsday 4.30 3.28 3,900
12 Thursday 4.30 3.99 6,780
13 Friday 4.06 3.43 4,710
14 Saturday 2.15 1.88 1,130
15 Sunday 1.52 1.23 393

Gage Datan 363.53 ft 432.26 ft

July
5 Siriday 0.43 2.68 3,740
6 Monday 1. (V2 -
7 Tuesday - - -
8 Wednesdav 3.12 2.81 3,550
9 Tlmursay 3.28 2.85 4,210

!0 Fr it&y 2.44 2,10 1,610
11 Saturday 1.92 U.97 226
12 ) nAMLIv 0.66 1.03 465
13 Motday 2.07 3.83 7,470
14 TwstL iv 3.21 2.99 4,430
15 k&ed •o.-.i.N, 3.f1 3.14 4,84t)
16 11mrsd..-. 2.ý 2.35 2,120
17 Friday 1.81 1.72 971
18 Saturday 2.(V 0.93 197
19 Sunday 0.72 2.14 3,410

Gage Di t m 363.53 ft 432.26 ft

Source: USGS, Water Resources Division, Coltmbia, South GCrolina (Preliminary DIta).
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Table A-4. Richard B. Russell Preirpxurmyknt Study--Cntract No. DACW21-81-C-0029
Daily Rainfall Amounts for Elberton, Georgia*

Precipitation Precipitation
February 1981 (centimeters) July 1981 (centimeters)

p

1 Sr-day 0 5 Sunday 0
2 Monday 1.19 6 bonday 0.08
3 TRusday 0 7 Tuesday 0.53

- I 4 Wednesday 0 8 Wednesday 0
5 Thursday 0 9 Thursday 0
6 Friday 0 10 Friday 0
7 Saturday 0 11 Saturday 0
8 Sunday 0 12 9xiday 0
9 M-brdy 0 13 Moxnay 0

10 Tuesday 0 14 Tuesday 0
11 Wadnesday 7.11 15 Wednesday 0
12 Thursday 0.08 16 lhursday 0
13 Friday 0 17 Friday 2.29
14 Saturday 0 18 Saturday 0
15 Sunay 0 19 &rnday 5.18

* As recorded daily at 7:00 a.m. at the City of Elbertcn Uhter Treatment Plant.

cburce: City of Fhberton Water TreahcnLt Plant, Ebe-rton, Georgia, (Unpublished Dhta).

U
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Table
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Field Data--Sampled February 11, 1981

B-3 Richard B. Russell Preimpoundment Study--
Contract No. DACW21-81-C-0029
Field Data--Sampled February 13, 1981

- Richard B. Russell Preimpoundment Study--

"Contract No. DACW21-81-C-O029
* Field Data--Sampled July 13, 1981

r-. B-5 Richard B. Russell Preimpoundment Study--
. Contract No. DACW21-81-C-0029

Field Data--Sampled July 15, 1981

1B-6 Richard 3. Russell Preimpoundment Study--
Contract No. DACW21-81-C-0029
Field Data--Sampled July 17, 1981

B-7 Richard B. Russell Preimpoundment Study--
Contract No. DACW2.-81-C-0029
Diel Field Data--Savannah River, Georgia and South Carolina--
Sampled July 16 and 17, 1981

H-3 Richard B. Russell Preimpoindment Study--
Contrac. No. D)ACW21-81-C-()("C29
Diel Field Data--Rocky River, South Carolina--Sampled
July 16 and 17, 1981

BI-9 R4 chard B. Russc1l Preimpoundment Study--
(,)ntract No. DACW21-81-C-0029
bil Field l)ata--fitcaverdam Creek, Georgia--Sampled Jl 1y 16
and 17, 1981

B-IO Richard B. Russell Preimpoundment SLdy -

(Cnntract No. DACW21-81-C-0029
I)ie l Field DIata--Savannah River, Georgia and South Carolina--
Simpled July 16 and 17, 1981
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Table C-1

RICHARD B. RLSSELL Pý IM,ý-UNDMENT STUDY - CONTRACT NO. DACW21-B1-C-0029
UATER CUALITY ANC ,LACT_.IJOGY DATA - SAVANNAH NIVER - COLLECTED 2/9E/1D1

WATER QUAL-IY SAMPLING RESULTS

- - - - - a

* STATION * STATION I STATION STATION
* PARANE1iiO NAPE (UNITS) -- A * i-B ' 2-A 2-L3

2/ S/81 * 21 ;/61 * 2/ 9/61 2/ 9/81
* a a a a i

PHYWICAL DATA

LA8CORATORV DAIA

C.LCR (PT-CO UNIY3I- 24. 26. 22., 23.
TU.t3IUITY. HAC?- TOUAIUI.',.TOR (FTU) 8.00 7 7.00 5.00 5.00
TLTAL N6NFILTEf.A8LE PLziL)UD (hG/LI 6. 5 a < 5. < 5.

CHEMICAL DATA
MINERALS AND METALS

ALKALINITY, TCTAL (MG CACO3/L} 28. 29. 31. 26.

CHLICRIO- (MG -L/LI 2. a .. 0 3.1 * 3.2
I CALCIUA,1 TOTAL (MC CA/. ) 2.4 a 2.9 2.a ,3.1 a

HARDNESS. "CTAL (MG CACU3/L) 12. 12. 12. 13.
IR oN. DISOL -EJ (,MG FEI/L) < 0.20 < 0.20 < 0.20 < 0.20
IPON. TOTAL (NG FE/L) 0.38 04O0 0.25 0.31

i MANGANESE, rISOCL.1ED (MG MN/L) < 0.05 < 0.05 < 0.05 < 0.05
*MANGAr,&S•, TOTAL (MOG MNV/, 0.06 < 0.05 < 0.05 < 0.05
P.TASSIUM. TLIAL (MG K/L) * 1.30 1.50 1.60 1.60

aSODIUM. TOTAL (MG NA/L) 4,10 4.10 4.40 4.30

NUTRIENTaa

CA9BON. TOTAL CAGANIC (MO C/Li) 2.C 2.0 2.0 2.5
F* kE. CARBýN OIOXIC, (MG CO./LI 26. 21. a 3o. 38.
NITROGLN. TOTAL AMPONIA (Mu N/L) 0.021 0.034 t 0.019 a 0,021

NITROGEN, NITRATE.NITRITE (M" N/L) 0.240 0.240 a 0.280 0.270
NITF;OLEN. O1E'LVED TKN ( MG N/L) < 0.25 - < 0.25 , < 0.25 < 0.25
NITROCGEN. TOTAL KJLOAHL (MC. N/L) < 0.25 a ( 0.25 a < 0.25 < 0.25

ORTHIiPMCOSPHATE. DI*SCsLVED (M0 P/L) a .006 . 0.004 * 0.o008u 0.007
a PHJPHAIE. CRIHC (MG P/L) 0.003 a 0.003 0.004 0.003
PHOSPHAIL ITIAL (MG P/LI 0.02L 0.022 0.025 0.023

DEMANO GAOUP

BCD, 5 OAY. 20SEG C (MG/L) 2. -- 2. -- a
CL.* (MG, L) 2.5 a --- I0.0 ----

* IO•LOGICAL DATA

BACTEXICLCGICAL OATA

FECAL CCLIFCOA (/IOO1 L < I 2 16 9
TOTAL CCLLFLAP (/IO0PA ) &20 700 1100 1100
FECAL STFkPTCCCLCI (/U1OML) 2 a 2 11

- IAOIMA•S MEASUREMENTS a

CHLOROPHYLL-A (UG/LI 4.80 4.20 6.60 b.60

"I

------------- -, --. r• . ---- -- --, -.'-- -' , -'•. -. -- -- ---- ----'-'- - - -- ------- --



Table C-1 (Continued, Page 2 of 5)

nICHARO) 8. RSSELL PI.EIMPOUNONENT STUDY - CONTRACT NO. DACW21-81-C-0029
WATi.R QUALITY AND ACT.h. IO-CaY DATA - SAVANNAH RIVER - COLLECTED 2/9/tvd

WATti.q QUALITY SANFLING kIESULTS

"* 'STATION * STATION STATION * STATION
* PARAMETER NAME (UNITS) * 3-A * 3-8 * 4-A 4-0
S* 92/ 9//l1/ 2/ 9/01 2/ 9/16 t 2/ "" bI

ji"3l * PVHVSICAL DATA

* . .LABORATCRY CATA

CGLOk (PT-CO UNITS) 20. 25. 65. 70.
*TUUDITY, MIACH TUA8101M TER (FTU) 7.0'i 8.0j 0 10.00 9.00
-. TCTAL NCNtFILrEAEL; Rc•.ýSOUE (MG/L) l. 11. < S. 6.

* "" CHI:EMICAL DATA

MINdFALS ANC METALS #

* ALKALINITY. TCTAL (MG CACC3/LJ 33. 2S. 28* 31.
*CNOLANI•. (MG CL/L) 3.8 3.6 5.1 4.8
CALCIUM. TOTAL (MG CA/L) 3.1 3.1 23.1 6

HAkDNESS, TOTAL (MG CAC03/L) 16. 15. 16. 11.
IRON, D1SSCLV0D (MG FE./L) < 0.20 < 0.20 < 0.20 0.2:3

*"IRCN, TuTAL (MG FE/L) 0.36 0.23 0.,0 0.7,

MANGANESE. DISSCLVeO (MG NN/L
1  

< 0.05 < 0.05 < 0.05 < 0.05SMANGANESE. TOTAL (LG MN/L) 0. 07 0.06 < 0.05 0.06
PCTASS1JM. 7C1AL (NG K/L) 1.90 ' 1.VO 2.00 0

SSLDIUM, TOTAL (MG NA/L) 4.90 4.90 5.,0 5.&0

* •1 NUTRIENT *

CARBON. TUTAL ORGANIC (Ma C/L) 3.0 3.0 2.5 2.5
FEE CARBON CICAIDE (MG COZ/L) 60. 42. 41. 55.
NITROGEN. TOTAL AMMONIA (HG N/L) 0.0`8 0.032 s 0.029 0.022

* NITROGEN. NITPATE+NITRITE (MG N/L) 0.300 0.310 . 0.450 0.430
*NITACG=N. DI-SCS-VEC TKN (M. N/L) < 0.25 < 3.25 . < 0.25 < 0.25
* NITF.UGEN. TCTAL KJkLDAHL (M(. N/L) 0.30 0.31 ( 0.25 < 0.25

OfiTHOPHOSPHATE. DISSC..VED (MG P/L) 0.009 0.008 0.021 0.019
"" PHOSPHATE. CR11-O (MG P/L) 0 0.004 0.004 0.01: 0.022
*Ph0bPHAT1E TCTAL (MG P/L) 0. 033 0 .02 0.050 0.052

DEMANO GACOP 9

D00, 5 DAY. 2CDEG C (MG/L) 2. --2. 2.
COD (MG/LJ 5.6 -- 21.0 --

BIOLOGICAL DATA

BACTEkIOLCGILAL DATA

.*- FECAL COLIFORM (/100ML) 130 80 120 140
* TOTAL CGLIFGRM 1/ICOML) 14 20 560 570

FECAL STR 6 PTOLOCCI (/100ML) 56 59 100 65

LIGPASS MEASURMa.NrS

*CHLOROPHYLL-A (LG 'L) 13.00 13.00 6.00 6.10

%--

-.-- -- --- - --------------------.------.. . . ... .

--..7iii ,



i

Table ('-I (Continued, Page 3 of 5)

16 I C~A U.GJLL..IA NM URT SL'Y-C.RC O A'2-z~C2
AAT. , •aALITY ANu tý 7Lýi'I u- GY L)ATA -A bA VA HAH <I'V- R - CJLLECTLD 2/,/L I--

iAIL.A qUALITY SAMPLING RESULTS

* STATIGN * STATIC'N STATI:2N S TATION '

S P,,AMLTLA NAME (UNITs2) 5-A 5-:3 6-A 0- t-
*. 21 II/et 2/ 2' /ol I Z/ 9/o1 2,' ;,/i

PHYSICAL OAIA 2.

LAJL;,ATCkY LATA

CGLUO (PT-CC LNITS1 50. 50. 7. 50.
TLit3I0ITY. HACH IL•,31jIS'-TLh (FTU) c .03 6.00 2.00 2.00
TLTAL NhN ILI•kA,;LL CHSIJU. I MG/L) < 5. < 5. < 5 . < 5.

CHEM IMCAL CAIA
MINEFALS AND METALS ,

ALKALINITY. ICTAL (MG CALLS3/L It1. 17. 13. 13.
CHLCJkIDOL (MG CL/L) 1.9 * 1. 1.7 1.2-
CAL .IUM. TOTAL iMG CA/L) 1. 1.0 1.7 ' 1.7

HARONESS. TOTAL (MG CACC3/L) 101 12. 7. *
*IkjN, ISSLLVEC (MC FL-/L) < 0.20 < 0.20 < C 0.20 < C 3.0a

L N. T.TAL (MC F-E/LI 0.6u 0 .50 0.23 < 0.2a

MAANGANESE, DISSLL'w. D (MIG HN/LI < 0.05 < 0.05 < 0.05 < 0.05 7-1
*MANGANE=£, 761AL (t-7 MN/L 0.07 < 0.05 < 0.OD < J.05
PGTAAS -IUM. ICIAL V'O K/LI 1..0 1 0 0.77 0.,2

SCODIUM, TOTAL ($G NA/L) 2.90 2.6O 2.20 Z.30

NUTRILNIS ".*

CARBOGN, TJTAL ORANIC (M.; C/Li 1.5 1.0 2.0 1.5
* •E CAR65N IIGkIDL (MG C02/-J 66. 19. 75. 61.
NITOOGLN. TOTAL AMMONIA (MS N/LI 0.024 0. 03J 0.021 0.022

NITNkOGiN. NITAATL+NITkITE (MG N/LI 0.320 0.322 0.140 L .141)

NlTkuý,-), UISSCLVLC TKN (MC. N/L) < 0.2E 0L.25 < 0.25 < 2.25
rNITkC.,cN. TLTAL KJELOAHL (M6 N/L) < 0.25 < 0 .25 < 0.2L < 02.25

LkT$IGPHOSPHATt. CISSCLVEL (MG P/L) 0.007 0.02•4 0.04 0.002
PFOSPHATE. CVTIC (NG H/LI 0.005 0.934 0.005 <O.302
PkuUSPHATc. TLTAL (MN, P/LI 0.015 0.Q17 0.020 0.010

DEWAtNC GNCL.P S

BCD.0 5 DAY,. 2COEG C (01/LI 1. -- 1....-
COD ( "G/L 1 4.0 -- 4.o

8IOLLGICAL DATA

8ACTEAlCLCGlCAL DATA "'$

k ECAL CLLIFOR 4 ( /0ICC) - 16 20 1 * 4
ILTAL CULIfUk$M (!L/CILC 0 71 77 62 72
FECAL 51r-PILCLCCLI (/IUO4L) 47 47 2 3

*uIC?'ASS N LASukcM&NT5 .

ILCHLOROPHYLL-A (tG/L) C0.87 0.99 2.00 * O1.60

- -- - -

44J



Table C-
1 

(Continued, Panp 4 of 5)

kICHANO 8.A JS.SELL P•E IMPOUNUMENT STUOY - CLNTiACT NO. DACW21-61-C-0029
A ATLft QJALITY AtL) N .TGklIL.,Y DATA - SAVANNAH ;'IVER - CJLLLCTED 2/v/l'o-

WA.L-4 GUALITY SAMPLING; NESULTS

* t€STATICN " STATION * STATION ,T,.TATIN
* PAfl .dorEI NAME (UNITS) * 7-A * 7-8 * 8-A t-

* ' 2/ S/61 * 2/ 9/81 ' 2/ ,,/al * 2/ S./d.

* PHYSICAL DATA

LA8ORATCRY CATA

CCLC, (PT-CC LNITS) 39. 45. 10. *"9. t
TUR61DITY, HACH TL% 1 ,IMETER (FTU) * 5.00 6.00 # 4.00 2.00

* LTAL NCNFiLlkAuLm kcZSIDUL (MG/L) < 5. *< 5. . < S. < 5.

CHEMICAL DATA

MINERALS AlsO METALS 6

ALKALINITY. ICIAL (MG CACCJ3/L) * 25. 27. 17. 15.
ChLORI0D (MG CL/L) 2.3 2.4 1 1.2 1.3
CALCIVM. TOTAL (MG CA/LI 2.5 2.4 0 1.3 # l.b

HAkONESS. ICTAL (MG C.AC03/L) S --- * * ( --14.It.LN•• ISSLLVEL (MC F-/L * < 0.20 *< 0.20 *< 0.20 *< 0.z0 *
I* lLN TGCT.L (,C FE/L) < 0.20 0.4b < 0.Z20 < 0.20 -

MANGANESE. DI0SCLVED (MG MN/LI < 0.05 < 0.05 < 0.05 < 0.05 -
MANGANESE. TCIAL (MG MN/Li) < 0.05 0.07 < 0.05 < 0. o.O
PUTA!SSIUM, TOAL (MG K/LI 2.10 1.0 b1.30 1.10

SLOIUM. 7OTAL (MG NA/L) 3.80 4.00 2.40 2.40

C.Ak OON. TUTAL C AGAhIC (M. C/'.. 2.5 2.5 2.0 1.0
FkEE CARS.h CXIGALE (MG CL2/L) 1 46. 3 39. * 25. * 25.
NlITkUGEN. TCTAL AMOGNIA (CM. N/L) 0.024 0.029 0.02 0.0-22 2

NITAOGEN. NITAATEtNITkITT (MG N/L) 0.360 0.440 0.140 0.130 *
NITAOGLEN. OS5,LLVEL) TKN ('4. •N/LI I < 0.25 < 0..d5 < 0.25 < U.25
NITS.OG)(N, TOTAL .JELOAAHL (MG N/LI < 0.25 < 0.2: * < 0.25 < 0.2zt"

*OkTt1OPHL'SPHATE. DI (SSL.LVS. (MG P/LI 0.014 0.014 0.004 0.007
* PhýPHA-TE. AT It-, C (4 G P/LI C 0.012 0 0.010 0.002 '<0.002
PHQOSPHATE. ICIAL (MG P/L) 0.033 0.032 0.010 * 0.011

DEMAND GR.UP

BC0D0. 5 DAY. 200r.G C (MG/L) I. -- * 1 - -.
C.D (MG/L) * 4. ---- 2.0 --4

BIOLOGICAL DATA

BACTERJOLCGICAL DATA T.A-.

FECAL CGLIFrAP (/100MLI) 270 270 < I < <
TLTAL COLIfLkM (/IUOML-) 320 J70 < 1 2 o
FLLAL 5TkN.PTCCCCLI (/1OOML) 20 17 < I 2. t,

d [OMASS MEASUREMENTS

CrHLOkOPHYLL-A (UG/LI 3.00 3.20 1.90 * 1.60

* Insufficient sample volume.

%1

*1

, .1

,-r-



Table C-1 (Continued, Page 5 of 5)
RICHARD B. RLSSELL PREIMPOUNOMENT STUDY - CONTRACT NO. DACW2I-81-C-0029

WATER QUALITY AND BACTf-FdLJLOGY DATA - SAVANNAH RIVER - CULLLCTD 2/9/1981

WATER QUALITY SAMPLING RESULTS

* 0 STATION ' STATION * STATION * STATION
* PARAMETER NAME (UNITS) 9 --A ' 9--3 * 10-A 10-6

* * 2/ s/a8 * 2/ 9/d1 * 2/ 9/8L * 2/ S/61

---------~~~- --------------------- ,-- - - -

* PHYSICAL DATA S 0

* LABORATORY DATA * 5

* COLOR (PT-CO UNITS) * 55. I 60. * 8. - 10.
* TUNBIDITY# HACI- TURBIDIMETER (FTIJ) 9 10.00 * 7.00 0 2.00 4 3.00
* TLTAL NONFILTERABLE RESIDUE (MG/L) s 6. 6. * < 5. * < 5.

CHEMICAL DATA k

* •MINERALS AND METALS 9

* ALKALINITY. TCTAL (0G CACO3/L) * 19. 23. * 15. '7.
* CHLORIDE (MG CL/L) * 3.3 * 3.2 * 1.2 * 1.2
* CALCIUM. TOTAL (MG CA/L) ' 1.8 1.7 lob 2.4
* a • I 0 i

o HARDNESS* TOTAL (MG CACO3/L) i s5. a 9. * . 0 b
* IRON. DISSOLVEO (MG FE/L) < 0.20 *< 0.20 * < 0.20 * < 0.20
* IRON. TOTAL (M6 FE/Li 1 1.00 0 O.b6 * < 0.20 0.20

M MANGANESE. CISSCLVED (MG MN/L) (< 0.05 < 0.05 * < 0.05 < 0.05
* MANGAhNSEv TCTAL (MG MN/L) • < 0.05 • 0.09 O < 0.05 < 0.05
* POTASSIUM. TCTAL (MG K/Li * 1.90 1.60 * 1.40 * 1.10

SODIUM. TOTAL (MG NA/L) * 5.00 * 5.30 * 2s40 * 2.40

* NUTRIENTS I e
o . S I 0

* CARBON. TUTAL CRGANIC (-G C/L) * 2.0 1 1.5 1.0 * 1.0
* FkEE CAR1uhN DICXIVE (MG C02/L) 9 70. 6 85. 0 34. * 62.
* NIhIjGEN9 TOTAL AMNONIA (MG N/L) 9 0e220 * 0.210 0 0.02- 1 0.021 •

* NITROGEN. NITRATE+NITRITE EM; N/L) o 0.450 * 0.400 0.*140 0.1I30
* NITROGEN. DISSOLVED TKN (MG N/Li 9 O40 0 < 0.25 0 < 0.25 < 0.;5

NITROGEN. TOTAL KJELDAHL (MG N/L) * < 0.25 0 0.26 0 < 0.25 * < 0.25

* GRTHOPHOSPHATE. DISSCLVED-(MG P/L) • 0.042 * 0.043 * 0.002 * 0.002 •
* PHOSPHATE* GROS71C (MG P/L) * 0.033 9 0.033 e <0.002 0 <0.002
* PhObPHATE. CIlAL (MG P/L) * 0.120 0 0. aJ0 0.007 * 0.007

a DEMANU GRCUP 9 o

* BOOC S DAY. .20DEG C (MG/L) * 2. .-- 1. --
SCOO (MG/L -- 5.1 --

BIOLOGICAL DATA * * a a

0 BACTEkIOLCGICAL DATA a a a • a

FECAL COLIFGRI W/lOOML) • 120 * 140 < C I I I
TOTAL CCLIFCFM (/IO0- MLi 390 6 350 3 1 < I a

* FECAL STRmPTLCCCCI (/LOO4ML) 650 4 460 a 8 6

a URHYOMAS( MEASUREMENTS0 9 0 a

*CHLDROPHYLL-A (UG/L) * 2.30 1.90 a 1.30 a 1.50
-- - - - - - - - - - - - a - - - - -- - - a - - -- - - - -



Table C-2

RICHARD H. RUSSELL PR.IMPOUNDMENT STUDY - CONTRACT NO. DACW21-81-C-0029
&ATER QUALITY AND BAZTERIZILOt.Y DATA - SAVANNAH RIVER - CULLECTED 2/11/1981

wATER QUALITY SAMPLING RESULT,-

- - - - - -

Of STATION * STATION * STATION * STATION
I PARAMETER NAME (UNITS) I --A I-8 * Z-A * 2-8
* S 2/11/ei * 2/11/81 * 2/11/81 2/11/31

* PHYSICAL DATA a S

* LABORATORY DATA * " *
* O 0 0 I 9

* COLOR (PT-CO LthITS) * 160o o 130o * ISO. * ISO.
* TURBIDITY. HACH TLU.BIDIM-TER (FTU) 0 130.00 9 1400.00 • 340.00 0 250.00
* TOTAL NONFILTERABLE RiSIDUE (MG/L) 0 120. 0 120. 0 360. * .350.
* a e S S 0

6 CHEMICAL DATA . I a S 8

* MINERALS AhD METALS 6 8 1 I

* ALKALINITY. TOTAL (MG CACO3/L) * 18. * 19. * 26. * 22.
* CHLORIDE (MG CL/L) * 2.2 1 1.ts I I 1.8 3 2.4

CALCIUM. TOTAL (MG CA/L) 2.8 * 2.9 * 3.7 * 3.6 b

* HARDNESS, TOTAL IMG CACO3/L) * 16. lbo. 24. * 21.
SIRON. DISSOLVEC (MG FP/L) * 0.91 * 1.10 0 1.10 ' 1.30

IRON* TOTAL (MG PE/LJ 6.00 * o.70 * 15.00 * 17.00 *

* MANGANESE. DI!SCLVEO (MG MN/L) 9 < 0.05 < C 0.05 < C 0.05 < 0.05
* MANGANESI.- TCJAL (MG MN/L) * 0.17 * 0.15 * 0.49 * 0.52

POTASSIUM. TGIAL (MG K/LI * 1.80 1 &.70 * 3.10 3.10

* SODIUM, TOTAL (MG NA/L) * 3.00 0 2.90 * 3.50 * 3.30

NUTRIENTS * * ,
* I • . IF 0

C CARBON* TUTAL ORGANIC (MG C/L) * 6.0 * 5.6 * 6.0 6 6.0 '
FREE CARBON DIOXIDE (MG .02/LJ * 67. 6b6 47. ' 40.
NITROGEN. TOTAL AMMONIA (MG N/LI ' 0.077 * 00079 * 0.038 * 0005b

II• . S I

NITkOGEN9 NITAATE+%ITkITE• MG N/L) * 0.210 * o0190 OL80 * 0.170
* NITROGEN. DISSCLVe6 TKN (MG N/L) * 0.36 • 0.42 < C 0.25 ' < 0.25
* NITROGEN. TOTAL KJELOAHL (MG N/L) * 0.45 9 0.33 1 < 0.25 4 0.31

* ORTHOPHOSPHATE, DISSOLV-D (MG P/LI * 0.042 0 0*050 0 O.Ob2 * 0.032
PhOSPHATE. CRThO (MG P/L) 9 0*04A 0 0.039 0 0.055 9 0.046

* PHOSPHATE. TOTAL (MG P/L) 9 0.260 0 0.290 9 0.520 * 0.470: '. • , a
DEMANO GACUP

BOD. s DAY. 200EG C (MG/L) : 3o " - 0 . --.
* COD (MG/L) * 17. 0 - 23.0 --

BIOLOGICAL DATA F S

BACTEI5GLCGICAL DATA I 0 ,

* FECAL CCLIFORM (/IOO.L) 620 520 * 430 490
* TOTAL COLIFOHM (/IOOMLJ v 4700 a 4100 a 5200 0 5600
* FECAL 5IRtPTLCOCCI (/IOOML) a 10000 0 7600 0 5500 0 6100
* IF S I * S

* BIOMASS MEASuRE4ENTS " p 9 , S

SCHLOROPHYLL-A (UG/LI J ---- * - * -

------------------------------------------------------------------------------------------------
*Excessive silt and clay In sample.



Table C-2 (Continued, Page 2 of 5)
RICHARD 8. RUSSELL PREIMPOUNOMENT STUDY - CONTRACT NO. DACW21-81-C-0029

WATER WUALITY AND BACTZRIJ-OGY DATA - SAVANNAH kIVER - CULLECTED 2/11/1951

*ATER QUALITY SAMPLING HESULTS

- - - - - -

* * STATION * STATION * STATION STATION
PARAMETER NAME (UNITS) * 3-A ' 4-B * 4-A * 4-0

* •2/11/81 * 2/11/61 * 2/11/81 2/11/816
* S 6 S *

* PHYSICAL DATA 9 o

* LABORATORY CATA

* COLOR (PT-C- UNITS) * 160. * 170. & 160o 180o
* TURBIDITY. HACH TUABIDIMETER (FTU) ' 210.00 * 220.00 6 360.00 * 390.00
* TCTAL NONFILTERABLE Ar.SIUU- (MG/L) t 4100 40. 0 b000. a 610.

* CHEMIICAL DATA * 6 6
* 9 I 6 9

MINERALS ANC METALS 9 0 5 5

* ALKALINITY. TCTAL (MG CAC03/LJ * 19. * 1. v 23. * 13a
* CHLORIDE (MG CL/L) * 2.6 * 2.6 * 2.2 * 2.2
* CALCIUM, TOTAL (MG CA/L) * 3.1 * 3.0 o 3.5 * 3.5

* HARDNESS* TOTAL (MG CACO3/L) * 20. 180. 18. o 29.
* IkCN. DISSOLVEO (MG Fds ' < 0.20 a < 0.20 9 1.40 * 1.50
a IAON, TOTAL (MG FE/Li * 17.00 9 18.00 0 23.00 9 2b.O0

MANGANESE. DISSCLViD (MG MN/Ai L < 0.05 * < 0.05 OI2 * 0.09
0 MANGANESE@ TCTAL COG MN/L) * 0.64 * 0.b7 * 0:56 * 0:5a
* POTASSIUMo TCIAL (CG K/L) * 4.00 0 3.90 * 7.20 t b.60
o S SI 9

* SODIUM. TOTAL (MG NA/LI * 3.30 • 3.30 * 3.40 * 3.70

* NUTRIENTS• 5
* . o 5 6 6

* CARBON. TOTAL ORGANIC (M5 C/L) 6.0 * 6.5 * 6.5 * 7.0
I FREE CARBON OIOXIDE (MG C02/%1 . 27. * 34. 67. J 48.
* NITROGEN. TOTAL AMMONIA (MZ N/L) * 00300 0 0.2.0 * 0o130 0 0.190

NITROGEN. NITAATE÷NITkITE (MI N/LI ' 0.370 0.360 0.260 * 0.270 '
* NITrOGEN. OISSCLV40 TKN (MG N/L) * 0.33 * 0.43 * 0.45 * 0.32
• NITkRGEN. TGTAL KJcLOAHL (M4. N/L) * 0045 * 0045 ' 0.88 1 0o.4

* CRTHOPHOSPltiATE. DISSOLVED (MG P/L) 0 0.041 * 0,042 0 0.062 00040
o PHOSPHATE. QRThO (MG P/L) * 0.042 * 0.049 * 0.032 o 0.039
o PHOSPHATE. TOTAL (MG P/L) * 0.560 * 0.570 * 0.d90 * 0.650
I 0 S 0

* DEMAND GACUF I U

600. 5 DAY, 200EG C (MG/L) * 6e o -- 5 4. ---
* COD (MG/Li * 35.0 * -- 56.0 S --

SB�IOLOGICAL DATA . o .

BACTEKIOLCGICAL DATA * o ,

FECAL CULIFORM (/ICOML) * 1400 * 960 0 1200 • 950
TO7AL CGLIFORM (/ICOML) 0 3300 • 3100 * 7500 • 7500

o FECAL STREPTOCOCCI (/I00ML) * 35000 J 44000 * 12000 * 13000

I tIIOMASS MEASURkMENTS . o 0

CHLOROPHYLL-A (L.G/L) - 370 * -- * -

*Excessive silt and clay in sample.



Table C-2 eContinued, Page 3 of 5)
RICHARD Be RUSS•LL PREI14P3UNOMENT STUDY -CONTRACT NO. DACW21--tl-C-0029

WATER QUALITY ANO BACThRl0•.OGY UATA - SAVANNAH RIVER - COLLECTED 2/11/1981

vATER QUALITY SAMPLING RESULTS

: STATION * STATION * STATION * STATION
* PARAMETES NAME (UNITS) 5 5-A b-- 6-A ' 6-h

S 2/11/el 2/11/61 ' 2/11/81 ' 2/11/61

------------------- ----------------- ~-----------
* PHYSICAL DATA o

* LABORATORY DATA S S S

COLOR (PT-CO UNITS) * 240e * 220. 36. * 38.
* TURBIDITY* HACH TURBIDIMETER (FTU) 0 400.00 ' 310.00 * 36.00 $ 39.00
* TOTAL NONFILTERABLE Ri-ýS15ur (MG/L) - 560. 6 650. 77. 0 79.

o C.HENICAL DATA 5 5

* MINERALS AND METALS • S o S

• ALKALINITY. TOTAL (MG CACO3/L) o 90 * 7* * 16. * 16.
, ChLORID, (MG CL/L) 1.g9 1.6 • -1.6 1 1.7
* CALCIWUM TOTAL (MG CA/L) * 1.9 1.6 -- t 1.7

* HARONLSS9 TCTAL (MG CAC03/L) o 14. a 18. * 12. * 13.
* I0N• DOISSLLVcC (MG Fie/Li 0.60 * 0.48 * < 0.20 , < 0.20
SIFRON@ TOTAL (0G FL/Li• 20.00 9 17.00 o 4.50 9 2.80

* MANGANESE. DISSOLVED (MG MN/L) < • 0.05 0 0 0.05 * < 0.05 < • 0.05
* MANktAN-SEv TOTAL (MG MN/L ) 0.49 0.b4 * 0.37 ' 0.12 .

POTASSIUM. TC.YL (MG K/L) * 3.80 * 3.bO J.30 * 1.40

* SOOIUM* TOTAL (MG NA/L) 1.60 100 --- 2.60

o NUTRIENTS o

L CARBON. TOTAL CRGANIC (MG C/L) * 7.0 ' 7o0 * 2.5 * 2*5
* FRmf. CAABUN OLX1CJE (MG C02/L) 0 21. * 15. ' 30. ' 26.
* NiTkUGENt TOTAL AMMONIA (MG N/L) 0 0.170 0 0.160 0 0.049 o 060b4 '

a NITROGEN. NITRATE.NITkITE (.3 N/L) • 0.430 o 0.430 •0.180 D 0.120
NITAOGEN. DIS5CLVE0 TKN (M6, N/LI 9 0.35 a 0.33 0 < 0.25 < 0.25
NITRGGENo 7O0AL KJELDAHL (NMG N/LI a 0.95 0.55 9 < 0.25 * 0o27

URTHOPHOSPHATE. OISSCLVEO (MG P/L) * 0.032 * 0.033 * 0.012 * 0.013PHOSPHATE. CR7THC (PG P/L) e 0.049 * 0.035 * 0.015 * 0.024
SPH•LjSPHATE. TCTAL (MG P/L) 0.660 0.b2O 9 0.290 9 0.190

DEMANO GROUP 5 5

o SCDo 5 DAY. 200EG C (Mu/L) * 4e . -- 5 3o 0 --
COO (MG/Li 1 55.0 • --- 7.; ' --

BIOLOGICAL DATA 9 * o

* 6ACTERIOLCGICAL DATA 9 9 0

* FECAL CGLIFCRAP /IOOMLI ) 1400 1b00 * 470 * 380
TUTAL CULIFGRIJ (/1001L)* 2600 a J700 9 9b00 # 12000
F FCAL STA4PTCCCCLI (/100ML) * 18000 a 19000 v 10000 * 11000

* dIOMASS MEASUE.MENTS :

CHLOROPHYLL-A (UG/L) - -- --* * 4.90 * 4.10

-Excessive slt and clay in sample.

tlnsufficlent sample volume.
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Table C-2 (Continued, Page 4 of 5)

RICHARD S. RUSSELL PHEIMPOUNOMENT STUDY - CONTRACT NO. DACW21-81-C-0029
WATER QUAITY AND BACTERIC.OGY DATA - SAVANNAH RIVER - CJLLECTED 2/1I/L9bL

bATE-1 QUALITY SAMPLING RESULTS

---------------------------------------------- --------------------------------------------

e ' STATION * STATION * STATION * STATIUN
* PARAMtE7ER NAME (UNITS) @ 7-A * 7-B * 8-A 8-Ba

8 2/11/81 2 /11/1 2/i1L/•t 2/11/81

* PHY'rICAL DATA o o 4

* LABORATORY DATA p

CGL'R (PT-CO UNITS) o 240. * 160., 2. ' 5.
* TURBIDITY* HACh TURBIUIMETER (FTU) * 250.00 * 270.00 * 3.00 * 3.00
* TLTAL NCNiNILTERAbLE RESIOUE (MG/L) * 420. b o00. * < 5. * < 5.

* CHEMI4CAL DATA 9 0 6

* MINERALS AND METALS 4 4 4
S 0 0 S • 4

* ALKALINITY. TCTAL (MG CA.OJ'/L) * 11, 7.e * 17, * 15. 9

* CHLC.RIDE (MG CL/L) * 2.1 * 2.3 * 1.4 1.3
I CALCIUM* TOTAL (MG CA/L) o 2.0 * 2.1 1.3 o 2.1

* HARDNESS* TOIAL (MG CACO3/L) * -- t * 22. * 7. & 10.
IRUN, OISSOL•ED (MG FL/L) * 0.45 * 0.43 o < 0.20 * < 0.20

* IRON. TOTAL (MG FE/L) * 20.00 Ib00 < 0.20 9 0.30

M MANGANESE. DISSOLVED (MG MN/L) * 0.06 * 0.06 * < 0.05 * < 0.05
MAN(,ANESEr TCTAL (MG MN/L) 0 0.40 • 0.49 < ( 0.05 * < 0.05

* POTASSIUM. TCTAL (MG K/LJ * 5.30 1 aeb0 * 4.70 1-•0

S SODIUM. TOTAL (MG KA/L) * 2.30 230 2.40 * 2.40

* NUTRIENTS o 0 o .

CAkbQN/ TOTAL CRGANIC IMv C/L) * 6.0 6 6.5 * 1.5 * 1.5
FkEE CAkBUN DICXIDE (MG Cue/if * S1. * 52. 9 39. * 55.

* NITkMGEN. TCTAL AMONGIA (MG N/L) * 0.350 o 0.35O * 0006 * 0.022

* NITROGEN, NITRATE+NITRITE (1Z N/L) 0.460 * 0.430 * 0.180 * 0.160
NITROGEN. UISSOLVEO TKN (MG N/L) * 0.51 0.46 < 0.25 * < 0.2b

* NITROGEN. TOTAL KJELDAHL (MG N/LI) 1.00 0 0.57 9 < 0.25 6 < 0.2b I

o ORTHOPHOSPHATEo DISSCLVED (MG P/L) * 0o050 o 0.050 0 0.003 o 0.002
* PHOSPHATE, CRThC (MG P/L) -- ft 0.052 * 0,000 0 0.00b 0

PHUSPHATE. TCTAL (JwG ./Li t 0.630 9 0.bO ' 0.005 ' <0.002 9

"* DEMANO GROUP I 6

B00. 5 DAY. 20CEG C (MG/L)i S. ' -- 2. * < --
SCUOD (MG/Li * 41.0 --- 9 1. < --

BIOLOGICAL DATA . . •
I I 4 4

o BACTERIOLOGICAL DATA " " .

* FECAL CCLIFOhM (/100MLi * 2000 * 2400 o 4 o 3
* TCTAL COLIfUAM (/0O/OMLJ 4900 6 6400 * 15 0 17
* FhCAL STRFPTGCCCCI (/IOOL) * 20000 * 21000 ' 20 16

* Bd IOMASS MEASUNEMENTS * * *

CHLOROPHYLL-A (UG/I) * -- * J J.80 t 1.10 1.40

*Excessive slit and clay In-sample.

"tInsufficlent sample volume.



Table C-2 (Continued, Page 5 of 5)

RICHARU B. AUSSELL PkEIMPOUNDMENT STUDY - CUNTkACT NO. DACW21-81-C-0029
WATER QUALITY AND BACTERIOLOGY DATA - SAVANNAH RIVER - COLLECTED 2/11/1951

*ATER QUALITY SAMPLING RESULTS

- - - - e --

* ' STATION * STATION ' STATION ' STATION
* PARAMETEA NAME (UNITS) * 9-A * 9-B 10-A * 10-0
* ' 2/11/81 * 2/11/al * 2/11/81 2/11/bi

* e e S e I

• PHYSICAL DATA S S

* LABORATORY DATA 5 ' S I

* COLOR (PT-CO UNITS) * 130. * 160. 9 5. * 5.
* TURBIDITY. HACH TURBIDIMETER (FTU) 1 £80.00 * 170.00 # 3.00 0 3.00
* TOTAL NONFILTERABLE RESIDUE (MG/LI * 260. 260. 0 < 5. * < 5.* S * I S S

* CHEPICAL DATA 1 1

* MINERALS AND METALS I 1* S I I S I

* ALKALINITY, TGTAL (MG CACO3/L) 7. S O. * 13. * 13.
* C'..ORIDO (MG CL/L) * 1.9 * 2.0 6 1.5 * 1.4
* CALCIUM, TOTAL (MG CA/L) 1 a8 1.7 * 1.6 5 1.3

* HARONESS. TCTAL (MG CAC03/LI * 17. * 17. * 5. ' 10.
* IRON. DISSOLVdC (MG F=/LJ * 1.80 * 0.71 < 0.20 * < 0.20
* IRON. TOTAL (OG FE/L) * 16.00 * 8.10 * 0.22 * 0.31

*MANGANESE. DISSCLVED (MG MN/L) * 0.07 0.06 < 0.05 '< 0.05
* MAN6ANESE. TOTAL (MG MN/L) i 0.24 4 0.22 < 0.05 < ' 0005SPOTASSIUM. TOTAL (MG K/L) ' 3.90 0 3.40 9 0.55 ' 0.90

• SODIUM. TOTAL (MG hA/LJ * 1.90 * 1.90 * 2.40 * 2.40

* NUTRIENTS '
* I S I O

* CARBONh TUTAL ORGANIC (MG CIL) * 5.0 0 .. 0 * 1.5 * 2.0
* FkEL CARBON CICXIDE (MG C02/L) * 60. * 54. 9 47. * 61.
e NITAOGENs TOTAL AMMONIA (MG 4/L) 0 0.150 * 0.100 , <0.005 * 0.022

NITROGEN. NITRATE4hITkzTE (MG N/L) * 0.520 5 0.500 * 0.160 * 0.170
* NITkOGEN. DISSCLLEO TKN (Mf. N/LJ ' 0.31 < ' 0.25 < 0.25 * < 0. 2t "
* NITROGEN. T07AL KJELOAHL (MG N/L) * 0.72 * 0035 < 0.25 < 0.2b

e OHTHUPHOSPHATEe DISSCLVED (M'G P/L) t 0.043 * 0.044 * 0.003 * 0.002 5
* PHOSPHATE. GRTb-G (MG P/LI 0 0.040 * 0.040 * 0.002 ' 0.004
* PhOSPHATE. TOTAL (MG P/L) * 0.680 * 0.0|0 * 0.002 0 0.003

o DEMAND GRCLP ' ,

S1000. S DAY. 20OEG C (MG/LI 5. * -- 2. --
* CUD (MG/LI 33.0 * -- 2.0 --

BIGOLCGCAL DATA • 5

* BACTEkIOLCGICAL DATA * 5

* FECAL COLIFORM (/100ML) * 500 * 800 4 a
* TOTAL COLFUORM (/ICOML) * >15000 > 16000 9 6 1 9
SI-LCAL STRmPTOCOCCI (/IO0L) * 27000 9 26000 Zb 2o

k1ICMASS MEASUREMENTS S I
CHLOROPHYLL-A (UG/L) --.... I.LO 1.60

*Excessive slit and clay In -sample.



Table C-3
RICHARD 0. RUSSELL PR41MPOUNOMENT STUDY - CONTRACT NO. OACW21-SI-C-0029

WATER GOAL1TY AND BACT =zkZ.. OGY DATA - SAVANNAH RIVER - CULLECTdO Z/1J/19bl

WATEM QUALITY SAMPLING RESULTS

*: STATICN ' STATION STATION ' STATION
PARAMETER NAME (UNITS) I-A 1 1-6 * 2-A ' 2-0

4 2/13/61 * 2/13/81 * 2/13/dl ' 2/13/81

* I S S e

* PHYSICAL DATA S S S

* LABORATORY DATA S

* COLOR (PT-CO UNITS) 6 80. o 85. * 85. * 95.
* TURUIDITY, MACH TURBIDIMETER (FTU) ' 25.00 a 22.00 33.00 ' 35.00
* TOTAL NONFILTERABLE RESIDUE (MG/L) * 21. 8 i8. J 31. 31.

* CHEMICAL DATA a S* I a S

* MINERALS AND METALS p '

* ALKALINITY, TOTAL (MG CACO3/L. N 20. * 18. * 27. 6 27.
* CILCRIOL (MG CL/Li 1 z.9 1. o 3.0 * 3.1
* CALCIUM. TOTAL (M6 CA/L} 1.8 * 1.8 2.5 ' 2.0

* HARDNESS. TOTAL (MG CACO3/L) * 13. 13. I 18. * IS. a
I RQON* DISSOLVED (NO Ft/LJ < ( 0.20 < < 0.20 * < 0*20 < • 0.20

* IkONs TOTAL (MG FE/L) ' 0.91 1 0.10 * 1.90 ' 1.60

* MANGANESE. DISSOLVED (MG MN/L) • 05 O 0< 00005 < • <00 < 0005
* MANUANESE# TOTAL (MG MN/L) * 0.06 * OO.6 * 0.08 * 0.09 O
* PuTASSIUM, TOTAL (MG K/L) 1 1.50 * 1.70 * 1.90 1 1.90

SODIUM* TOTAL (MG NA/Li * 2.80 9 2.60 4.30 ' 4*30* S I S a I

* NUTRIENTS * * * S

* CARBON. TOTAL ORGANIC (MG C/Li 2.O 1.5 ' 2.5 * 2.0*FkEe CAR80N UIOXIDE (MG C02/L) 0 23. * 21. * 31. a 31.
NITROGEN* TOTAL AMMONIA (MG N/L) ' OeO49 * 0.038 * 0.034 a 0.032

*NITROGEN. NITRATE+NITRITE (Mý N/L) 0.120 ' 0.110 * 0.190 ' 0.160
* NITROGEN. DISSOLVED TKN ING N/L) < • 0.25 < • 0.25 < • 0.25 < • 0.25

NITROGEN. TOTAL KJELDAHL (MG N/LI < 0.25 < • 0.25 < < 0*25 0.34

*(JHTHUPHOSPHATE, DISSGLVED (MG P/LI 0.042 I 0.042 * 0.022 0 0.017 l
PHOSPHATE. ORTHO (MG P/L) * 0:044 * 0.042 * O.0 OL9 0.020SPHOSPHATE. TOTAL (MG P/L) 0 0.099 * 0.0w7 * 0.004 % 0.099

* I 4 a a
* DEMAND GROUP . . a . a: . . a .

BODO 5 OAY. 20DEG C (MG/L • 1. • -- 5 . --
CUD (MG/L) * 4.5 0-- 6.0 --* I * I I a

BIOLOGICAL DATA 5 . a a

* BACTERIOLOGICAL DATA S

* FECAL COLIFORM (/IOOML) * 130 ' 60 70 I o10
* TOTAL COLIFOAM (/IOOML) 3400 2000 * 7000 7200
* FECAL STkiPTOCOCCI (/OOML) * 1000 1 1200 I 1o * 250

ISIOMASS MEASUREMENTS * * •

* CHLOROPHYLL-A (UG/L) 1.90 2.20 * - 5.10 a

S-------------- -------------------
*Excessive slit and clay in'sample.



Table C-3 (Continued, Page 5 of 6)
kICHARO Us RUSSELL PREIMPOuNOMENT STUDY - CONTRACT NO. DACW21-81-C-0029

WATER QUALITV AND BACTERIJ.-OGY DATA - SAVANNAH kIVER - COLLECs'EL 2/13/IV8L

WATER QUALITY SAMPLING RESULTS

* STATION STATION ' STATION. STATICN
* PARAMETER NAME (UNITS) 0 9-A * 9-6 10-A * 10-0
* o 2/13/81 ' 2/13/81 2/13/81 * 2/13/81

* PHYSICAL DATA o

* LABORATORY DATA U 0 0

• COLOR (PT-CO UNITS) * 90. 95. 5 16v 15I
* TURBIDITY, HACH TURBIDIMETER (FTU) ' 25.00 9 23.00 S 3.00 • 2.00
* TOTAL NGNFILTERABLL RE.SI)UE (MG/L) * 180 a 22. 1 < 5. t < 0*: . S ,

CHEMICAL DATA o 9

* MINERALS AND METALS I 5

ALKALINITY. TCTAL (MG CACO3/L) J 17. • 16. * 16. • 18.
* CHLORIDE (MG CL/L) * 2.8 * 2.8 ' 1.2 * I.L
* CALCIUM. TOTAL (MG CA/L) * 2.0 * 1.9 0 1.3 1.1

• HARONESS, TOTAL (MG CAC03/L) 6 18. Lb. * 8. * 8.
SI&RN* DISSULVEC (MG Ft/LI• < 0.20 < ( 0.20 U < 0.20 * < 0.20
* IRON. TUTRL (MG I-E/Li 1.50 * 1.40 0 0O3J , < 0.20

o MANGANESE. DI1SOLVED (MG MN/LI ) < 0.05 ' < 0.05 ' < 0.05 s < 0.05
MANGANESE. TOTAL (MG MN/Li * 0.08 * 0.08 o < 0.05 * < 0.05
POTASSIUM. TOIAL (MG K/L) * 1.80 * 1.80 o 1.10 * 0.11

SODIUM. TOTAL (MG NA/Li * 3.60 0 3.50 9 230 9 2.30

NUTRIENTS '

CARBON* TOTAL ORGANIC (MG C/L1 1.5 * 1.5 S 1.0 * 1.0
FREE CARBON OIOXIDE (MG C02/L) 9 24. 0 29. 0 29. * 27.
NITROGEN. TOTAL AMMONIA (MG N/L) * 0.160 9 0.IbO o 0.099 ' 0.032

NITROGEN. NITRATE+NITRITE (MG N/LI ) 0.170 * 0.170 * 0.075 * 0.074
* NITROGEN, DISSCLVEO TKN (MG N/L) * 0.31 * < 0.25 * < 0.25 * < 0.25
o NITROGEN. TOTAL KJELDAHL (MG N/L) o 0.41 * 0.30 < 0.25 < 0.2b
9 I S I SO

* OkTHOPHOSPHATE. DISSOLVED (MG P/LI * 0.021 0.021 0 *0.02 o 0.002
* PHOSPHATE. CRThO (MG P/L) * 09020 * 0.020 o 0.003 * 0.003

PHOSPHATE. TCTAL (MG P/L) ' 0.012 ' 0.0L2 o 0.008 U O.009

DEMAND GROUP 8 I '

BO. 5 DAY, 20DEG C (MG/L) ' < 1. -- ' < 1. --
*COD (MG/L) 4.5 4 --- 4.5 ' --

' BsIOLOGICAL DATA S 9

BACTERIOLOGICAL DATA 9 5 o

• FECAL CCLIFORM (/100ML) o 140 * 190 * 1 < ( 1
* TOTAL COLIPORM (/IOOML| * 1200 * 1200 1 < 1
* FECAL STRE.PTOCOCCI (/100L) * 840 * 1000 5 6* I 0 I I

* BIOMASS MEASUREMENTS I S o* S • 0 I

* CMILOROPHYLL-A (UG/L) 110 1.30 * 0.91 * 0.70
* S S o •



Table C-3 (Continued, Page 6 of 6)

RICHAAD Be RUSSELL PREIMP3UNOMENT STUDY - CONTRACT NO. OACW21-81-C-0029
WATER QUALITY AND BA(.TENIJLOGY DATA - SAVANNAH k&VER - COLLECTED 2/13/1981

%ATEq QUALITY SAMPLINI RESULTS

- - - -

* I STATION * STATION
* PARAMETER NAME (UNITS) 11-A 11-83
* * 2/13/81 * 2/13/81

* PHYSICAL DATA 1

LABORATORY DATA S

* COLOR (PT-CO UNITS) 440o * 440. I
* TUR8IDITY* HACH TURBIDIMETER (FTU) 38.00 1 37.00 6
* TOTAL NONFILTERAULE RESIDUE (MG/L) 0 24. 8 24.

* CHEMICAL DATA

* MINERALS AND METALS 1

* ALKALINITY. TOTAL (MG CACO3/LI 39. * 39.
* CHLORIDE (MG CL/L) 1 8.1 * 8.2 0

CALCIUM# TOTAL (MG CA/L) 6.7 6.9

HARDNESS. TOTAL (MG CAC03/L) * 35. 1 30.
* IRON* DLSSULVEO (MG FE/L) 0 1.20 * 0.10 4
* IRLN. TOTAL (MG FE/L) A 1.40 a 1.20 0

* MANGANESE, DISSCLVED (MG MN/LI < 0.05 * < 0.05
• MANGANESE, TGTAL (MG MN/L 0. 10 0.10

POTASSIUM, TOTAL (MG K/L) 12o00 * 2.50

SODIUM, TOTAL (MG NA/L) ' 19.000 19.00 0

* NUTRIENTS 1

* CARBON. TOTAL ORGANIC (M3 C/L) 14.0 * 18.0
* FREE CARBON DICXIOE (MG C02/L) N 119 lie' 1
* NITROGEN. TOTAL AMMONIA (MG N/Li 0 1*800 1.a00

* S

* NITROGEN@ NITRATE+NITRITE (MG N/L) 0.058 * 0.054
* NITROGEN9 DISSCLVEC TKN (MG N/L) 2.50 * 2.50
* NITROGEN. TOTAL KJELDAHL (MG N/L) -- * * 2090

* OTHOPHOSPHATE@ DISSOLVED (Ma P/L) 0.160 * Ot70
PHOSPHATE, GPThG ING P/Li 0.190 0.180

* PHOSPHATE. TOTAL (MG P/L) 0.430 . 0.420

S ODEMAND GROUP S

BOD* S DAY* 20DEG C (MG/L) 10. ' -- •
COO (MG/Li 54.0 --

BIOLOGICAL DATA

BACTERIOLOGICAL DATA *

F PECAL COLIFORM (/IOOML) 400 ' 450
TUTAL CULIFORM (/J0M.. -- t 0 ----
FECAL STREPTOCOCCI (/IOOML1 860 1 940

€ I S

BJIOMASS MEASU.LMENTS * ** I I

CHL.OROPHYLL-A (UG/L) 3.90 * 4.10a I S

*Sample past holding time.

t Colonies overgrown; could not count.



Table C-3 (Continued, Page 4 of 6)

RICHARD 2. RUSSELL PRrcIMPOUNOMENT STUDY - CONTRACT NO. OACW2I-B1-C-0029
WATER UwALITV ANO BACTckIUQGY DATA - SAVANNAH RIVER - COLLECTED 2/13/1061

WATE4 QUALITY SAMPLING RESULTS

, * STATICN * STATION STATION 5 ZTATILN
"" PARAMkTER NAME (UNITS) * 7-A * 7-a B B-A 6-t3
" 2/13/61 2/lJI/ol 2/13/OL ' 2/13/o /
* . 4 * *

* PHYSICAL DATA

*" LA8URATORY DATA

COLGR (PT-CO LNLTS) 95. 120. 13. lb.
TURUUIITY. HACH TUNB::')IMETEk (FTU) 26.00 26.00 0 2.00 2.00
TOTAL NONFILTERAABLc RrSIJUE (MG/L) 21. 23. < 5. < 5.

-HEMICAL DATA

* INERALS AND METALS

ALKA'AINTY. TOTAL (MG CAC03/L * 19. 19. 16. 16.
* ChLORI0E (MG CL/hA) 2.6: * 2.6 1.2 1.4

CALCIUM, TOTAL (MG CA/LI 2.4 :2. 1.7 1

HARDNESS. TOTAL (MG OACU3/L) 15. 17. 9. 6.
IkNH4. OISSULVEC (MC FL/L) < 0.20 < 0.20 < 0.20 < 0.20

* IRON. TOTAL (MG FE/L) 1.30 1.30 < 0.20 0.2J

*MANGANESE. DISS•LVEO (4G MN/L) < 0.05 < 0.05 < 0.05 < 0.05
MANGANESE. TOTAL (MG MN/LI 0.06 0.0a < 0.05 -- *

POTASSIUM. TOTAL (MG K/L) 4.60 1.0 L.10 0.86

* SODIUM. TOTAL (MG NA/LJ 3.20 8 3.30 2.40 2.40

* NUTRIZNTS

CARBON. TOTAL ORGANIC (MG C/L) 2.0 2.0 2.0 1.5
FkaE CAABUN OICXI|c (MG CC.!/L) 22. 17. 23. 19.
NITROGEN, TOTAL AMMONIA (Ms. N/L) * 0.096 0 0.0b3 0.033 0.031

NITROGEN. NITRATE+NITRITE (M, N/LI 0.200 0.200 0.074 0.067
NITROGEN, DISSOLVED TKN (M, N/LI < 0.25 < 0.25 < 0.25 < 0.25
NITRuCEN, TOTAL KJcLU.HL (MG N/L) 0.34 0.31 < 0.25 # < 0.25

* kTHOPHUSPHATE. 0ISSOLVED (MG P/L) 0.017 0.013 0.004 0.002
1PtUSPHATe. CRTHO (MG P/L) 0.015 0.016 0.000 0.007

* PhUPHATL. TCTAL (MG P/L] 0.079 60.07 0.00d 0.010

DEMAND GROOP

BOO. 5 DAY, 200EG C (MG/L) < 1. <-- < 1. --
COD (MG/LI 5.5 --- 4.9 --

1 BIOLOGICAL DATA

BACTEkiOLOGICAL DATA

FECAL CLLIFORM (/100ML) 170 190 < 1 < I
TOTAL CLLIFORM (/t00hML.J 530 bo0 2 4

*.FECAL 6TkcPTLCGCCI (/10OML) 560 560 3 < I

810MASS MEASUREMENTS

*ChLOROPHYLL-A (UG/L) 1.50 2.10 0.61 0.65

I*nsuffclient sample volume.

-_4

5--,2 . -.:-.x .. :- --- :--,....:-£- '2 '-..Y .""i"Y . ..- --- -.- iY li -b -- +:i.....• % i ,-'•• +. .,
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Table C-3 (Continued, Page 5 of 6)
kICHARO (. 1USSELLL PkEIPOUNOMENT STUDY - CUNTRACT NO. DACW21-81-C-0029

WATLR G AL TV ANO UAbT I..-Ij-Y DATA - SAVANNAN kLVER - CULECTEJO 2/13/11d.

WATc' QUALITY SAMPLING RESULTs

I STATION * STATION * STATION STATICN
* PARAMETER N,;. (JNITS) C 9--A 9-U * 10-A * 10-D
* ' 2/13/81 * 2/13/81 * 2/13/01 2/1J/ 61

PHYSICAL DATA

LAUGRATOrY DATA

CGLOR (PT-CO LNITS) s 90. 0 5. 0 16. 1t.
TUkUOITY, HALH TUR8I0IMET•R (FTU) - 25.00 23.00 v 3.00 2.00
TLTAL NUNl;ILTLRAULL FýSIJLIL (MG/L) 18. 22. < 8. < C U

CHEMICAL DATA

MINERALS AND METALS

ALKALINITY. TCOAL (MG CACO3/L) 17. 16. 16. 1b.
CHLORID" (MG CL/L) 2:8 2.8 12 1.:
CALCIUM9 TOTAL (MG CA/L) 2.0 1.9 1.3 1.1

HAkDNESS. TCTAL (MG CAC33/L) s1. I u. 3. a.
1Lk1.. 0IUSOLVCC (MG 1-t/L) < 0.20 < 0.20 < 0.110 < 0.20
IkUN. TýT-L (MG V-z/L) 1.50 1.40 0.3J < 0.20

MANGANESE. DISCLVLD (MG MN/LI < 0.05 < 0.05 < 0.05 < .0.05
* MAN.ANESE. T7CAL (MG MN/Li 0.08 0.08 < 0.08 < 0.00

PUTA6IUM. IGIAL (MG K/L) 10 .80 1 b 1.10 * 0.7,1

95DIUM. TOTAL (MG NA/L) 3.60 3.50 2.30 2.30

NUTPLEN1S

CAFoUN. TOTAL ORGANIC (M; C/Li 1.5 1.5 1.0 1.0
* • CARBON GICXIDL (I'- COE/L) 24. 29, 29. 27-
NlTtDGEN. TOTAL AMMONIA (MG N/L) 0.160 0. Ibo 0.099 0.032

NITRFDEN. NITRATE+N÷TRITE (MG N/Li 0.170 0.170 0.075 0.074
NITROGG;:. DISSCLVED TKN (MG N/Li 0.31 < 0.25 < 0.25 < 0.25
NITROGEN, TOTAL KJELDAHL (MG N/L) 0.41 0.00 < 0.25 < 0.2t

UkTHOPHOSOHATE, DI1SLLVED (MG P/L) 0.021 0.021 0.002 0.002
PHOSPHATE. LRTP.f (MG P/L) 0.020 0.020 0.003 0.026
PHCSPHATL. 70TAL (Mý P/LI 0.012 0.012 U0.00a 0.009

DEMAND GROUP

B*8. 5 DAY, 200iLG C (MG/L) C 1. --< 1. -<
COD (MG/L 1 4.5 --- 4.8 --

S
ICLGGICAL DATA

BACTERIOLLGICAL DATA

FECAL CCLIFLAM (/!00ML) 140 190 1 < 1
* TOTAL CULIý-GRM (/100L1 1200 1200 1 < I

"" FECAL STkLPTCCCCCI (/iOOML) 840 1000 5 6

BIOMASS MEASUFkEMENTS 9

CHL-OROPHYLL-A (UG/L) * 1.10 1.30 0.91 0.70

" -"--.. . ...-• "-------- - - "-...... -----------.................... "......." .........



Table C-3 (Contlnued, Page 6 of 6)

RICHARO 8. RUSSELL PREIMPIUNOMENT STUDY - CONTRACT NO. OACW2I-81-C-0029
WATIH QUALITY AND BACTEkIJLUCY DATA - SAVAN.rAH kIVER - C•jLLLCTED !/LJ/1981

%ATEq QUALITY SAMPLINM. RESULTS

, ' STATION STATION
* PARAMLAER NAME CUMTS) 11-A 11-U

2,13/81 * 2/I3/U'.

SPHYSICAL GATA

* LABORATORY DA(A

COLOR (PT-CO UNITS) 440. '40.
TUkdIDITY, HACH TUkaIJIMýTEk (FTU) 38.00 37.00

* TOTAL NONt;ILTERAULE fr.513UE (M(/L) 24. 24.

* CHLMICAI. DATA

MINERALS AND METALS

ALKALINITY. TOTAL (MG CACO3/L) 39. 3'.KLCH jLIOE (MG CL/L) 8.1 d.2
LALCIUM# TOTAL 4MG CA.'L) 6.7 6.9

HARDNESS. TOTAL (MG CACW /L) 35. 30.
IRON. DIS50LVEC (MG Fý/L) 1.20 * 0.0
IkLt, TOTAL (MG FE/L) 1.43 4 1.20

MANGANESE. DIZSCLVED (9G MN/L) < 0.05 C 0.05
MANGANESE, TOTAL (OG MN/L) 0.10 0.10
PUTASSIUM. TOTAL (MG K/LJ 12.00 2.50

*'* SCOIUM. TOTAL (MG NA/LU 19.00 I*.00

* ' NUTRIENTS

CARBON, TOTAL ORGANIC (M: C/L) 14.0 18.0
.FREa CARBON DICXIOE (MG C02/L) 11. II.SNITROGEN, TOTAL AMM•4IA (MG N/L) 1.800 1.";

NITROGEN. NITRATE+NIrkITE (4G N/L) 0.053 0.054
NITROGEN, OISSCLVEC TKN (MC, N/L) 2.50 4.50
NITROGEN, TOTAL KJELDAHL (MG N/L) * 2.0

,OTHOP*fOSPHATE. DISSOLVE2 (MG P/L) 0.160 0.170
PHOSP•ATE. LRThC (G Pi/L) 0.190 0.tL0

' PHU•PhATkE TCTAL (MG P/L) 0.430 0.420
DEMAND GROUP

BCOD, 5 DAY@ 20C0E C (MG/L) I0.

C L (MG/LI 54.0

SBIOLOGICAL DATA

BACTERIOLOGICAL OAFA

"FECAL COLIFOHM (/100M) 400 450"".TUTAL CULIPUk4 (/ lO wUM ) t t t--
-"FECAL STNý,TOCOCCI (/100.L1 860 940

UIOMASS D.rASuKLMtiNT5

CH.OROPHYLL-A (UG/L! 3.90 4.10

*Sample past holding time.

t Colonles overgrown; could not count.

' ' ", -• '.• •-'.• • 4•.•%""•• • • • -% ., /••,•,•.• '.-',' - .. '•-• •.•''• •.r • •-%•• ,••,,, -%



Tabte C-4

N ICHAkc) B. AUSSLLL 'LqI l3UDM-N4T STUOY- CONTIRACT NO. DACW21-51-C-0029 ~

6AI LP j ALITY ANU A r•,-A..u•_Y DATA - SAVANNAr l vL - CJLLtECTh- 7/1J/',

wATL4 QLjALITY SAMPLINO. k-LSULTS

SS•TATION * STATION * STATION * STATION
* PARAMET.L NAME (UNITS) I 1-A I 1-d 2-A 2-t-

7/13/61 * 7/13/81 * 7.11 J/a1 * 7/13/61

PhYSICAL DATA .4

LAtOCPATCRY DATA

C GLiR (P1-C LU,1TS) 7 3q. * 100. 90. 45.
,* ¾,•1DITY. 114CM T2LM•T•H (FTU) 55.00 * 55.0J 19.00 1o.00

f6 fAL NLNILI.LHAULc KL.•5hjUý (MG/L) 2. * 2;. 1 I. 1 I.

C. hF M I CAL DATA S

MINERqALS AND MLTAS ,

ALKALINITY. T7LAL (MG LACLJ/L) 57. 60. 32. 32.

C;iL, IDL (M6 CL/L, 2.8 a2_'.d 3.3 * 3.4
*CALLIUM. 16TAL kM CA./L) 5.9 0 .1 1.0 d 2.5

NANONESS. TOTAL (MG CACD3/LI 24. 25.° 14. 15.
F N.t U I SD.L V LL (M C I--/L J < 0.20 < 0.20 * < 0.20 < 0.20 Z

I NLN. I uTAL (l0 FC/LI * 2.70 2.70 0.94 f 1.30 •

*MANGANE5E. D I 5LV&L. (MG MN/LI C0.28 0.23 < 0.05 < 0,0t-
MANGAN-b-. 7CTAL (NG MN/L) 0.38 0.J6 < 0.05 * 0.07
* PUIA2,ILM. ICIAL (PMx K/LI 2.1 0 2. 10 1.z0 I .b0

S GIUM. TOTAL (MG NA/LI 3.30 J.50 * 3.10 4.20

NUTR IrN1S

CARBON, TOTAL CRGANIC (M5. C/LI 9.0 8.5 8.5 5.5

FkCL CANOUN C1OAIDE (H,; CLZ/L * 4. 5. 5. 5. 5.
NiTkCGEN. ID1AL AMMONIA (Mu N/L) 0.120 0. 120 0.035 0.035

NITkOGEN. NIT&.ATE4KlITk1TE (MG N/L) 0.190 0.i1;0 0.203 0.200 S -
N ,II GGL•N. DISSCLVLL. TKN (MG N/LI 0.44 < 0,25 < 0.2b < 0.25•
NTikOGEN. TLTAL KJL.LDAHL (M,; N/L) 0.30 0.41 0 .25-

KTHO0PHOSPHATE. OlSSC.LV.D (MG, P/LI 0.33 0.010 <0.005 <0.00"

Pt-ODSPHAT/E. Oý.1kt (M. P/lI 0.008 0. 000 <0.005 0.00 "..!
Pt•UPS-ATL. TOTAL (MG p/L) 0.000 0.0 b 0.046 U.O*

DEMAND GRCP

*GD3. 5 DAY. 20DEG C (MG/LI 1. --- < I --

c (MG/'_) 4.2 -- 11.0 -- S

BluLOGICA,- DATA S * A

BACTE•ICLCGICAL DATA S..

FECAL CULIFuRM (/ICOML1-) 40 60 20 30 ,
TUTAL C3LIF:.AM (/ ) 10'&I 200 200 500 * 400 0
FLCAL bT.'-PTGCLCLC ( 1'OOML) 390 * 0 70 60

* DAOMAS:-S MEASJR-MFNTS S

CHLDNCPHYLL-A (UG/LI 2.90 1.60 0.87 1.10

-- - - -

"4%

I:



Tabl9 C-4 (Continued, Page 2 of 5)
RICHAtO 0. FUSSELL PAZIMPOUNOMENT STUDY - CUNTRACT NO. DACW2I-dI-C-0029

WATLk UJAL (IY ANO OALT 1-J-GY OATA " SAVANHkl NIV-R - COLLLLTcO ?/IJ/0I

.AT -l QUALITY SAMPLINt. kE!ULTS

- - - - -

STATION * STATION S STATION ' STATION i
PARAMETER NAME. (UNITS) 3-A --U 4-A 4- b

7/13/81 * 7/13/61 * 7/13/1 * 7/15/ol

PHYSICAL OATA i

LAUORATORY DATA

CLLGR (FT-CC UNITS) * . 47. 170. 1t0.
TURdO11TY. HACH TUZdROIM TER (FTJI 6.30 * 0.330 45.00 50.0)I
7 TLTAL NUNr LT AtLL i JULQ" (MG/Li < 5. 5j< 5. . * oe

CHEMICAL DATA

MINERALS ANO METALS

ALKALINITY. TCTAL {MG CAC03/..) I 45. 45. 35. 32.
*Ct-LLkIDE (-MG CL/L) 4.1 * 4.3 1 8.4 * 7.?
CALCIUM. TLTAL (MG CA/L) 3.,4 3.4 * 4.4 3.9

HAkONESS. IOTA.. (-G CACC3/LI 16o # 17. 1 22. 22.
INdN. OIS.ýCLVcD (MG FQ/LJ < 0.20 0.20 0.22 < 0.20
*INN, TJTAL (MG FE/LJ 0.60 U. b4 4.40 4.60

MANGANESE. 0ISSCLV'E0 (MG MN/L < 0.05 < 0.05 0.0 ' 0.10
MANGANE5E. TLTAL (0G MN/Li 0.09 # 0.09 0.25 0. Z3
POTASSIUM. TLTAL (MG K LJ ' 2.10 # 2.10 2.80 3 2.60

*SODIUM. TOTAL (MG NA/L) 5.10 5.60 7.40 6.20

NUTRIENTS ".."

CAR3UN. TOTAL CRGANIC (MG C/L) 6.5 7.0 11.0 8.S
FREE CARBON OICXIDE (MG CL2/L) 5. . 12. 56.
NITRUGEN. TOTAL AMkQNlA (ML N/L) 0.051 1 0.054 0 0.069 0.052

NITRGGEN. NITAATE#NITkITE (4G N/L) 0.170 0. 160 O.3b0 0.370
NlRUGEN. OISSCLVEC TKN (MG N/L) < 0.25 < 0.25 < 0.25 0.29
NITkNicN. TOTAL KJELDAHL (MG N/Li < 0.25 0.25 0.50 0. 42

CkTmOPHOSPHATE, OIESC.VED (1t3 P/L) <0.005 0.008 0.026 0.034
PhOSPHATE. ORIhO (MG P/LI 0.009 0.005 * 0.029 0.01o
O hi-JUP -;A1T. TOIAL (MG F/L) 0.028 0.039 o 0.140 a 0.150

DENANO GACUF S I

000. 5 DAY, 20OLG C (MG/Li * I. --- I. --
CLD (MG/L) 7.6 11-- 1.0 --

blGLOGICAL DATA . *

BACTERNIGLGICAL DATA I I

FECAL CLLIFCRM (I1|O0MJ 27 22 21 2u
ITTAL CULI-CkM (/UOML) 2200 200 1100 > 600
FLCAL STkcPTOCUCCI (/O00ML) 280 200 1300 1200

81CMASS MLASUkL4ENTS

CHLUkLPHYLL-A (U0/L) 3.10 3.40 3.0 * 4.0u

- - -- -

I:2
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Table C-4 (Continuod, Page 3 of 5)

RICIIA R' B. gUSSELL PRE1-03UNDMzNT STUDY - CONTRACT NO. DACW21-31-C-0029
WATLW UJAL ITY ANO A6CTCJ...i Y OArA - SAVANNAH RIVER - CJLLLCTLJ 7/1J/'1 1

.A TL U UALI TY SAY4PL ? ( MESULTS 71

, 0 STATICN * STATION * STATI1N * STATION
* PAkAA4TEA NAME (UNI TS) I 5-A * 5-8 6-A 0 -U
' * 7/13/81 * 7/13/al * 7/13/81 * 7/13/o1

PHYS•ICAL DATA

LA80ATCkY CATA

CULLR (PT-CC UNITS) 60 70. 11. II.
TLkdIDITY, HACti TU I YI ET.R (FTJ) 12.00 12.00 0 .0 2* 2." °'
7TC.TAL NGFILTckA EL L Kci3 DI)D 4O/Li < 5. < S. < 5. < 5.

CHi-LMICAL DATA

MINERAL5 AND META.-S

SINITY. TCTAL (MG CALC,3/L.J *Z) 2;.9. 19. * 2.
CgLLC1Or- (MG CL/L) 2.4 13.0 2.3 2.0
CALCIUM. TLTAL (MG CA/L) 2.3 2.0 1 1.3 1.e C

HAkONcrSS. TOTAL (.G CACU3/L ) 14. I. 7. *"6.
IHLN, DI3SSLVS0 (MG Fý/LJ < 0.20 < 0.20 < 0.20 < 0.0-
IRGN. TOTAL (MG FL/L} 1.00 0 0.3 < 0.20 < 0.20

MANGANESE. DISSCLVEO (0G MN/Li < 0.05 < 0.05 < 0.05 < 0.05
ANGANL..Sr-. TCTAL (MG M;/L) 0.07 <( 0.05 < 0.05 < 0.0..

PGTASbIUM. TOTAL (PG K/Li 2.00 2.10 * 1.30 * .I0

SODIUM. TCTA'. (MG NA/L) 2.50 2.30 2.70 2.70
* uTS * ST

* NUTkIENTS SS

• CARPON. TTAL ORGANIC (M,! C/Li " 9.0 4.0 6.5 4.5
FREE CAkI3UN OIGXIJL (1Mý 00O2/L) 6. 6. 5. 7.
*NITRMU(,N. TOTAL AHNMNIA (Mý. N/L) 0.038 0.026 0.0j2 0.02f,

NITKOGENs NITAAT-+NITkITE (14, N/L) 0.330 0.320 0.120 0.120
NI1T.HU0N UISSLLVEC T.N (MG N/Li < 0.25 < 0.25 -- * < 0.25
NiTMOGEN, TOTAL KJi7LCr-HL (MG N/Li 0.25 < 0.25 < 0.25 < 0.25

ORTHOPHOSPHATE. DI SCSLVE) (MG P/L) 0.006 0.012 < --- * * 0.000
PHOSbPHATE. (MM 1H G 2/Li) 0.008 0.005 0.043 0. 0•J "
PmOZPHATL, TU7AL (MG P/L) 0.029 0. 001 C * 0.05t4 0.000 J6"

DOMANJO GOCLP -

BO5. 5 DAY. 2CD.G C (MG/Li . -- I < I--
CQ0 (MG/Li 13.0 1-- * . * --

BIOLOGICAL DATA

BACTERILLCGICAL DATA .I

FECAL C5LIFGkM (/ICO1L) 51 54 15 --- ,
TOTAL COALIFLkM (/100M4_ 210 210 23 27
FECAL STIM.PTOCGCCCI (/100ML) 8400 5700 2J0 200

hbIMASS MEASUREMENTS

C HLOLGPHYLL-A (0Ut/L) 0.99 0.79 0.25 . .

*Sample lost.

tColonles overgrown; could not count.

71.'
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T3ble C-4 (Continued, Page 4 of 5)
RICHARD 8. RUS5ELL Pkz1MPQUNDM=NT STUDY - CONTRACT NO. OACW21-81-C-002S.

WATER OJALITY ANO LJLTLR|J.G l.Y 2ATA - SAVANNA,- kJVLR - CLOLLELTLL 7/IJ/'UI

WAT?= QUALITY SAMPLING RESULTS

* STATION S STATICN S STATIUN S STATILN
* PARAMETER NAME (UNITS) 1 7-A * 7-8 --A b- B
* 7/13/81 3 7/13/61 * 7/1J/ 6 1 7/13/o1

* * .. , .

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -

PHYVSICAL OATA C"

LA80RATORY DATA

CCLEN (PT-CC UNITS) 100. 100. 30. 27.
T TURvILITY, HALlH T UAIB1McTLR (FTU ) 13.00 13.00 4 4.20 4.20 '

TGTAL NChILT•kAELL •SIUU (MU/L) 7. < 5. < 5. < 5.

CHEMICAL UATA
* . C I.S

MINERALS ANC METALS

ALKALINITY. TCTAL (MG CACO3/L) 38. 3d. 29. 26.
ChLuRIDE (MG CL/L) 2.7 3.1 4.6d 12.J
CALCIUM. TuTAL (MG CA/L) 2.8 3.j 2.3 2.5

HARONESS, TOTAL (MG CACG3/L) 15s. Is5. 11. 1,.
IRON. DISOLVEC (MC Fi/L) 0.24 0.29 < 0.20 < 0.20 %
I IRON T67AL (MC FE/L) 1.30 1.20 0.24 0.45

MANGANESE, OISSCLVED (MG MN/L) 0.0; 0.09 < 0.05 < 0.05
MANGANLSE. TLTAL (i MN/L) 0.13 0.14 < 0.05 < 0.05
PCTASSIUM. TCTAL (Mu K/LI 2.30 2.40 1.60 1.00* . , .

SoDIUM, TUTAL (MG NAA.) 4.20 4.10 5.30 5.40

NUTRIENTS .

CARBON, TOTAL ORGANIC (MG C/L) 8.5 8.5 8.0 7.0
FREE CAuN DIOXIDE (MG CG2/L) It. it. 13. * It.
NITkOGEN. TOTAL AMMONIA (MG N/L) 0.038 1 0.066 0.026 0.029

NITROGEN. NITSATE+NITRITE (CM. N/L) 0.310 0.320 0.550 0.560
NITRLGEN. OISSCLVE0 1KN (MO N/LI 0.2B 0.29 *< 0.25 *< 0.2Li
NITAUGEN. TOTAL KJELOAM-L (MG N/L) 0.25 0 0.25 0.26 0 0.2b-

CRTHOPHOSPHATE. OI!SCLVE0 (MG P/L) 0.048 0.034 0.080 0.072

PHOSPHATE. GRTHG (MG P/L) 0.04b 0.045 0.076 0.07."
PHOSPHATE. TOTAL (MG P/L) 0.800 0.610 0. b160 0.10

DEMANO GRCUP

BCD. 5 DAY. 200tG C (MG/L) < 1. l- < 1. --

CUD 1MG/L) 6.3 12.0 9.1 --

D3CLOGICAL DATA . **

BACTERI:OLCGICAL DATA *.

FECAL CCLIFCRM (/.OO•) 790 •10 23 -
ToTAL CLLIFURm (/1C0ML) 400 500 300 0 200
FLLAL STkLPTCCCCC1 (/100NL) 3200 5200 0 63 74

I1CMASS MEASURE46NTS S-"

CHLOOGPHYLL-A (UG/L) 1.50 1.10 * 0.d7 0.77
* . ."S .

Colonies overgrown; could not count.

'-... ,



Table C-4 (Continued, Page 5 of 5)

RICHARD 0. kUSSELL Pk IMPO.UN)MENT STUCY - CONTRACT NO. DACW21-31-C-0O29
WATER QUAL17Y -aNO U CTLk1J-0Y DATA - SAVANNAh RIVER - CJLLECTED 7/1j/ýbtl

WATER QUALITY SAMPLING RESULTS

* STAT ION S'.TI0N STATION * STATION
* PARAMETER NAME (UNITS) -;-A -B 10-A Lu-U
* J7/13/81 * 7/li/oi 7/li/3t * 7/13/b1

- - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - -- - - - - -

PHYSICAL DATA 6 t

LAULbORATGAY CATA *
COLCR (PT-CO NIlTS) s 90. 110. 10. 3.

TUkdLIITY, HACH TuO,BIuIMHT-k (FTU) 9 16.00 14.00 0.90 0 o.0;o
T.TAL NL1--ILTLAALLt NtSIuUt (MO/L) - < 5. < 5 . < 5. t C .<

CHEMICAL OATA

MINtAALS AND METALS 1*

ALKALINITV. TCTAL (MG CALO3/L) 34. 32. 19. 20.
CkILGkIDO (MG CL/L) 5.1 0 5.4 4 4. 0 10.0
CALCIQM. T 67AL (MG CA/L) 2.0 2.0 1. 1.3

HARDNESS. lOTAL (MG C.ACO3/L) 12. 11. .8. .
. IRON. OISSLLVEC (NG F-/Li 0.24 4 < 0.20 < 0.20 < 0.20

IION, TQTAL (M, FE/L) 1.70 I.'.0 < 0.20 < 0.20

MANGANESE. DIESOLVED (MG MN/LI 0.06 0.06 < 0.05 < 0.05
MANMANESE. TOTAL (W; MN/- 0 0.0, 0.07 < 0.05 < 0.05
PGTASSIUM. TOTAL (MG K/LI 2.20 2.30 1.20 1.20

SODIUM. TOTAL ING NA/L) 6.30 * 6.70 2.':)0 2.00

NUTRIENTS

CAR'ON. TOTAL ORGANIC (MG C/L) 9.5 9 7.0 14.0 4.0
FiLc CARAuN CLIX IDE (Ma 002/Li 19. 10. 26. 2,".
NITR (GEN. I -TAL AMMONIA (MG N/L) 0.058 0. 008 0.032 0.03t *,,j

NITROGEN. NITAATE+NITkITL (MG N/L) 0.500 U.C20 0.180 0.160
NITkuGEN. DI -CLVED TKN (Iu N/L) 0.26 0.:)1 < 0.25 < 0.25
NITROGEN. TOTAL KJELDAHL (MO N/L) 0.44 0.39 C 0.25 < 0.25

L UTHOPHOSPHATE. DISSCLVED (4G P/L) 0.160 0.1b0 <0.005 <0.005
PHOSPHATE. LATý-G (MG P/L) 0.160 0.170 <0.00ý5 <0.005 *
PHOOPHATE. TOTAL (MG P/L) 0.350 0.J70 0.004 0.007

DEMANO GACUP 55.

bOD. 5 DAY. 2C0EG C (MG/ 2 i < 1. -- < I.--
CCOO (MG/L) 7.0 -- 8.1 -- I

BILLCGICAL DATA .TA

BACTEAIOLGGICAL DATA

FECAL COLIFORM (/100IML 470 590 8 1"
TUTAL COLIFORM (/1COMLi) 2500 2o00 45 42
FECAL 5Tk.PTCCGCCI 1/I001L) 1600 1 O15v * 490 900

1CMASS M5ASUMtNTS 9,

CHLOROPHYLL-A (UG/L) 1.90 1.50 0.58 0.45.

-i



Table C-5
RICHARD 8. rUSSLLL P IMPOUNDMENT STUDY - CONTR7CT NO. DACW21-dI-C-0029

mATEk UUALITY ANO dATI2ID.-Y DATA - SAVA,.NAH k VLR - C3L.r.CTE 7/15/161

*ATbA QUALITY SAMPLING HESULTS

* STATION * STATIUN * iTATI$j 'j STATI0N
PAkAMETEA NAME (JNLT5) * -A 1 1-0 * 2-A ' Z- i

o 757/15/El 7/15/o 7/1L/ý1 1 7/lt/ l 1

PHYSICAL DATA

LABORATORY DATA

COLOR (PT-CO L.NITS) 16. 23. 21. 44.
TUk|dlITY. HACH TUR8IMýETEk (FTU) 6.40 5.40 f 7.5a 6. 4 0

TOTAL NONFLLTRALLL RSI2 (iG/L1 * . * 7. * z.

LH.MICAL DATA

MINERALS AND METALS

ALKALII"ITYo TOTAL (MG CACG3/L) Is. 18. 26. 26.
CtLRLIDE (MG CL/L) 1.9 1.9 3.2 2.0

CALCIUM. TOTAL (MG CA/L) 1.7 2.0 2.4 2.0

HARDNESS. TOTAL (MG CACO3/L) r 9. 10. 1I. 1J.
Ir.N. DLSSOLVEC (MG FL/L) < 0.20 < 0.20 1: 0.23 < 0...3
IkuN. TOTAL (MG ke/L) 0.36 0.42 0.07 0..7

MANGANESE. OISSCLVED (M( MN/L < 0.05 < ..05 < 0.05 < J.a5
MANGANESE: TOTAL (MG MN/L < 0.05 0.06 0.35 0. u

POTASSIUM. TG`IA. (MG K/LI 1.10 0."4 I.JO 1.30

$S0IUM. TOTAL (MG NA/L) 2.30 2.20 3.30 3.10

NUTRIENTS

CARBON. TOTAL ORGANIC (MG C/LI 3.0 3.5 O.5 J .5
FN• CARdON CICXIDE (M. C•Z/L ) 26. 2b25. I I. 1l.
NITROGEN. TOTAL AMMONIA IMý. N/L) 0.020 0.021 0.033 0.029

NITRCGEN. NITRATE+NITkITE (piG N/LI 0.220 0.240 0.160 0.170NITROGLN: DISSLLVED TKN M. N /L < 0.2 * < 0.25 < 02•2 < 0.2
NITR06EN TOTAL K.jELOANHL (1M. N/Li < 0.2Z < 0.25 -c 0.25 * 0.2

GCTHOPHOSPHATe. JISSCL-Vc3 (MG P/LI 0.090 a.0'4 0.130 0.12J
PI•-SPHATE. CATHL (MG P/L) 0.057 0.lO 0.:23 1 3.1

- PHZPIRATE. TCTAL (MG P/LI 0.0.3 0.023 0. 03 1 0.02..

DEMANDO GkCP

bOD. 5 DAY. 20OLG C (MG/L) • 1. -- 4. --
CLD (MG/LJ 1.4 -- 4.2 --

BIOLOGICAL DATA

BACTE.ULLLGICA'. DATA

FECAL CCLIFCAM (/00v..I 20 46 14 u
TCTAL CLLIF(fM (/I.00.. 360 to0 00 110
FLCAL STkLPTGCCCCI U/1000L) 150 170 44a 2 423

BIOMASS MEASI,•LMrNTS

CHLOROPHYLL-A (UG/L) 0.91 2.30 2.20 1.90

.- - - - - -'...',•- ----•---- -. - - - --. .. -

-. 7



Table C-5 (Continued, Page 2 of 6)

RICHARD EI. AUSSLLL PA&.IMPJUNO'4ENT STUDY - CJNTRACT NO. DACw21-8I-C-0029
*ATLR QUIALIIY Ato b c..hJýu5Y 0ATA - SAVANNA H A IVtR - COLLECTCD 7/I /15/o - "

eP1lc UUALITY SAMPLING RkESULTS

* S STATICN * STATION ' STATION * 3TATIu4
o PAkAA.CTL. NAME (JNITS) * 3-A J 3-0 -1-A
* 4 4 7/15/E1 7/15/u1 7/15/61 ?/15/o1

PHYSICAL CATA 5

LABORATORY DATA ",,

- CCLOR (PT-CO UNITS) 30. 30. 0 90. 100.
- TOLLIDITY. 31ALH TULdiDIMSTE~i (FTU) 5.40 5.160 ;e&.00 27.00
. TLTAL NONFILTLHAfdLL lJr_ (MU/LI * 5. ( 5. - J5. J44.

CHE.MICAL DAA "

MINERALS AND METALS "

ALKALINITY. TOTAL (MG CAZL3/L. }44. 47. 46. "a.
CHL .1lE (NO CL/L) 4.3 4.2 6.5 6d..i
CALCIUM. T"TAL (MG CA/LI 4.0 .3. 7 4.1 4.4

HAkCNL. .S. TOTAL (MG CACO3/LI) |6. | b 20. 20.
IRUR, DISSLVkC (M; fc/LJ < 0.20 '< 0.20 3 0.20 < 0.20
* IhNL. TýTAL MG u- L/L 0.48 0 .bcO 2.92 j 1..

MA4 UAN EE, DI1ECLE•VD (HG MN/LI 0.39 0.06 0.1 1 0.12 1
MAý4,A NLu52 TC7AL (l- MA4 /- J 0.11 0. "w * U.22 L 0. L
PuTASI•.4ok. ILTAL (M4, K/1I * 1.10 I.•, 2.40 2.4.)

SGDIUM. TOTAL (tM NA/L. 5.00 4 .0 * 7.40 7.40

* NUTkILNTS*

CARPUN. TUTAL CAGANIC (M1i C/.A 5.0 3.4 d.5 7.5
Fhc-E CAkudN OILXIDL (M, LL2/L ' 12. 10. 6. 7.
* NTUub. TOTAL AMPNI.iA (w;. i/LJ 0.04$ 0.050 0.057 0.054

N1TkOGEN. NXTRATE+NITRITE (4.,. N/L) 0.120 0.120 0.490 0.4•0
NIIhuuLN: UIS5LULV'C TKN (N C '/LI < 0:25 < 0.:2-, 0.27 0.321
NIT ,bu,-N, TT0AL KJLLDANL (MD N/LI ( 0.25 < 0a25 0.3b 0.3t"

* U,TaiOPH m,-HATE . 01 !.SCL-V=J M. '/L) <0.002 0.J50 0.099 0.I10
Pt- 3)PtIATE. ClIRO (M. P/L) 0:100 0. 10) 0:.1,' 0.:2 .PrtJ PH¶ATE. T.IUAL (MC P/I-3 0.018 0 0/0 0.140 U .171

B:CD. 5 uAY, 20CLG C {M,/UI 3. - -- 5" 4

C-.) (MG/IL ' 7.0 1--- 13.0 --

1IILLG ICAL DATA

OACTFkILLC61CAL CATA .

FECAL COLIFC4M (/10 30 29 120 1 1)0
TUTAL C.uLIF Uk m (/I ULLJ * ISO 140 1300 701
FLLAL S 1,- PTuCGCCI (IJO0ML) 640 1700 2400 3100

B LSIOMASS MLASJR.)4MNTý

CHL0-LPt1YLL-A (Uu/L) 5.80 * •.20 9.10 9.20 "

---- ,



Table C-5 (Continued, Page 3 of 6)
RICHARD B. RUSSELL P•EIMP0UNDMENT STUDY - CGNTRACT NO. OACW2I-81-C-0029

WATi-R OJALITY AND LAATEkHj-k(.Y DATA - bAVA.NAM "(V.L - C0LLECTED 7/is/UI1

NATE,4 QUALITY SAMPLING RESULTS

* 'STATION * STATIUN * STATIUN * .TATI~Ut
PAkAMETLA NAME (UNI T *S) 5-A 5-d 6 6-A e 6-U

, 7/15/81 7/L5/di * 7/15/al 7/15/bl

PHYSICAL DATA

* LAULRATORY DATA

COLO," (PT-CO UNITS) 65. * 80. * 5.
TU!,bIOITY, HACH TUkBIDIM-•T..Lk (FTU) Se50 9.50 1.3j 2.30

Ci.TAL N*h1|L~r-HAbLE Ar.SISU. (MG1L} < 5. < 5. < b-

"" (*h;ChkMICAL DATA

M|N.AALS AN. M9TALS

ALKALIN1TY, ITTAL (MG CAC3'LI * 30. 30. 18. 17.SCt.ui4lDc (MG CL/L) 2.3 2. t) 2.0 2.
9CALLILM. TLTAL (A4G CA/Li 2.0 2.5 * 1.U 1.1

"" -ARONLSS. TOTAL (MG CAC03/L) II1 11. * 7.
IkGN. UISSLLVLC (MG FL/L) * < 0 < 0.20 < 0.20 < OCZO
I•LN. TwTAL (1G Pf/L) * 0,. O .S 0.20 C 0.20

"MANGANESE. D1!SCLVED (MG MN/LI < 0.05 0.06 < 0.05, < 0.atSMANGANEý2E TOIAL (MG MN/LI < 0.05 ..0e < 0.05 < u. .t
POTASSIUM, TGIAL MPG K/L) 1.70 1*o.00 * .',7 0,'.

SLOIUUM, TOTAL (MG hA/L) 2.50 2.30 2.50 1.70

*- . NUTRIENTS 9

CAbGNt. TOTAL ORGAtNIC (MU C/L * 4.0 -3.0 -. 2. to
FkCL CA•AbJN DIGXIDE (MG CLe/LI 8. 6 5. 8. 9.
NIkG"EN. TOTAL AMMONIA (MU N/L) 0.013 . 0.030 0.020 0.01o

SN|TkOULN: NITI.ATE+fITIITE (M:, N/L) 0.280 0.300 0.200 0.200
N NTkuG,ýN. UIZZOLVtO TK. "(MUGN/LI < 0:25 C0.25x < 0.2 : C-i 0: L t
NITkU6EN. TOTAL KJ4LDAtL( (MU N/L) < 0.25 C 0.25 < 0.25 C 0.25

LkTHUFHOSPHATc. DISS.LVLD (MWI P/L) 0.120 0.110 0.071 0.0c5
** PHýOSPHATE. CATHC (MG P/L) 0 0.130 0.130 <0:070 <0:071 .

".PHU'PHATE. TLTAL (MG P/LI 0.024* 0.047 *0 013 *0 005)

DEMANO GRCkLLP

BCD* 5 DAY. 20CEG C (MG/LI 1. "-- 9 I. ----
C CLD (MG/LI 2.7 ---- 7.0 --

," 8• tULOGI CAt DATA

BACT EkIOLL.G ICAL DATA
FECAL CGLIFU1M (/100"I 120 9 0 --- * -_ *

' TOTAL CLLIFOAM (/ I MLi 60 t40 II 22

* F-LAL STk.PI7LOCCI (/100MLI 720 800 15 it

* 8IOMASS MJEASUkEMLNTi

CNHLDNPHYLL-A (UG/L)I 0.38 0.69 0.18 0.118

"-*Coonies too numerous to Count.

4 %

L'

;'7

"9. 5 *- *. .'d-"* *
9

J J" "", .. J§,.',, , •, " ",". , '.• ? .. P ••" . .. " - ,-,'.-d-. ,j. - . , =



Tablo C-5 (Continued, Page 4 of 6)
R I CHA0 8. a ,USSELL PI..1MPOUNDMENT STUDY - CONTRACT N~O. OACW121-dl-C-002G

%ATE I (AuAL Y' ANO 6ACTýRHIJUýY DATA - SAVANNAH RIVER - COL)LECTEU 7/Iý/lulfl j.A7c:4 QUALITY SAMPI.ING kESOLTS

NAESTATIUýN STAT1ijN STATION * DIATILN
* PARAMItTL NAM (t'TS 7-A * 7-5 6-A * b-u

*7/l5/ý1 7/15/.1 7/1b/al 7 Iýu

p * PHYSICAL DATA

*LABOCRATORYT DATA

*COLOR (PT-co UNITS) * 85, 90. 0 20. * 19.
* Uý-U[O1TY. HACh TNSBIDIMET.R (FTU) * 1.CO 12.03 & 4.40 0 4.40

l UTAL NLINFITreAfLc F--3u. tMi/L) 6 . 7. < 5. . < 5.

* ~CHEMICAL DATA

* MINEPALS AND METALS SS

*ALKALINITY. TCIAL (MG CALD3/.i * 40. * 3". * 19. 20.
* L.1t(MG CUL/Li 2.3'' .3.1 .5 2:

*LAULIU4. TUTAL (MGý CA/Li .3.7 * .34 * 1., 0

*HAkD'ýESS. TCTAL (MG C-ACLJ/L) 15. * 14. * 9. * 12.
* IhtN. OIcILV;-C (MG ktý/L) 0: 024 0 .21 < 0 20. < 0 0.23
*IkUN. TUIAL (mu Ft/Li t.10 1.33 * < 0.20 *< j.21

*MANGA~qESL. DISSOLVED (%iG MN/Li 0. 14 * 0.14 < 0.05 < 0. .05
*MAN6AINEýti. TCTAL (M.. MNUL < .3 * 01 *C00 0:0ý

PDASý' IUM. TCIL ( :LI2.2 2.30 1 110 1* 1

*SLDIUM. TUTAL (MG NA/L) * 3.50 * 3.80 * 2.93 3.30

* NUTRIENTS *

*CAnBON. TuTAL CRGANIC (MG C/Li 4.0 * 4.5 * 3.5 * 3.5
1-k-Ec. CARBON 3iOX1DE (MG LU02/L) 6. * 5. * 7. * 7.
*NITkOEN., TOTAL AMMUNIA 04MU N/Li 0.01.3 n r.025 *0.020 *0.020

*NIlkNuG-Jj. NITRATE+l1TkTE (Ar. N/Us 0;340 *0;-340 *0;31 0.2S0
*~~, D1~JUN DISSVLO 7I'N (?." N/Li < 0.25 2S 0. *C025 * .2s

N1T.WUGN. TOTAL KJELLAtU MC N/Li < 0.25 * 0.27 < 0.2ts < 0.?5

C~TNT PHD.SPHAIE. D1SSLI-VcD 04G P/U) *0.094S 0. 100 0.110 *0.123
*Ph-Pt-ATE. CNTHC (PG P/U) 0 0,043 U .100 0.120 *0.110

PHQ.SPHATý. TCTAL (MG P/Li 0.032 * .352 * 0.316 0.037

* EMA'.D GACUP

BUD. 5 DAY. 2r::G C (M(./- 1 1. -- 2. * -
CUD (MG/L) 2.3 -- 2.3

BIOLOGICAL DATA

* IACT2,sIL*LCGICAL DATA

FECAL CCLIUIIWM (/1003M-) t 90 2b0 a ) 7
TUIAL CLLIhUkM f/I.)JMU3 1200 * IsuO 1 20 1 00
FLCAL STk,.PTUCUCCI (/10014L) U 20) !Jdo0 I d1 90

81GMASS MEAbUISEMENT5

*CtHUCRUPHIYLL-A (UC./L) * 1.50 * .00 < 0. 10 * 0.47
- - - - -

N.% %



Table C-5 (Cortinued, Page 5 of 6)
RICHARa B. RUSSELL PkEIMPOUNUMENT STUOY - CUNTRACT NO. DACW21-81-C-002,

WATEN QUALVTY AND 8ACTENIULLUGY OATA -- SAVANNAH RIVER - CJLLECTELJ 7/15/'51

wATLR QUALITY SAMPLING kESULTS

* oSTATICN * STATION * STATIUN S •TATIUN
• PARAMETER NAPE IJNITS) 9-A * 9-8 13-A * 13-b
* * 7/15/El * 7/ L5/61 7/13/J1 7/1'/d1

- - - - - -

* PHYSICAL DATA

* , LABGRATORI DATA

0 COLOR (PT-CO UNITS) 110. 65. 3. 7.
0 TUkuIOITY. HAL.i TUR8IO3IMcTEk (FTU) 15.00 Ib.00 1.30 1.30
0 TOTAL NONFILTEiABLE l-RSI-OUL (MG/L) 6 • * 5..b < 5.

* .• CHEMICAL DATA

MINERALS AND METALS

ALKALINITY, TOTAL (MG CAýUJ/L) 33. J2. 22. 20.
,-CHLORIDE (MG CL/L) 4.6 4.7 1.9 1.7
*-CALCIUM. IUTAL (MG CA/L) 200 3.8 1.4 1.o

HARDNESS. TOTAL (MG CAEu3/Li II. Id. 8. b.
IkUN. DISSGLVLE (MG FE/L) 0.23 < 0.20 < 0:20 < 0.20
IRGN, TOTAL (MG FE/Li 1.60 1.70 ( 0.20 < U0?o

SMANGANESE. OISSCLVEO (MG MN/L) 0.09 0.09 < 0.05 < 0.05
MANGANESE. TOTAL (MG MN/ i 0.08 0.11 < 0.05 < 0.* i
PLTASSIUM. TC7AL (PG K/L) 2.30 2.10 0.90o 0.'

SrOIUM. TOTAL (MG NA/L) 6.60 6.20 2.20 2110

I. a NUTR I1NTS

CARBON, TOTAL ORGANIC (M3 C/L) 0 4.0 4.5 4.0 2.5
FREE CARBUN LICXIDE (MG CJ2/L) 9. 9. 15. 14.
NITAOGEN, TOTAL AMAUNLA (MG N/Li 0.051 0.045 0.011 0.014

NITROGEN. NITRATE+NITWITE (AG N/L) 0.500 0.520 0.160 0.180
NIThOGEN. DISSLLVED TKN (Mu N/L) 0.26 < 0.25 < 0.1b * < 0.25
NITkOGGN, TOTAL KJLLCAHL (MG N/Li 0.34 0.26 < 0.26 < 0.25

ORTHOPHOSPHATE. D01SCLVE3 (4;; P/L) 0.150 0.160 0.120 .0.11
*-PHOCPHATE. UkIhG (JG P/L) 0.170 0. 170 0.110 0.130
* PHUtPHATL, TOTAL (MG ;/L) 0.260 C.250 0.006 0.04

DEMAND GROUP

BUD. 5 DAY, 20DEG C (MG/L) * < 1. --- 2. --
CUD (MG/L) 1.4 3.3 3.0 ---

* 81IOLCGICAL DATA

BACTEkIOLCOICAL OAfA

*`FECAL CCLIFCRM (/100ML) 72 66 7 7
T-TAL LULIIVORM (/. 0OML) 9900 8100 * 10 153 a
FLCAL STkaPTLCOCCI 4/0O0ML) 4400 4200 46 3o

BIbMA!S MEA5U~'•NT *

aCHLQROPHYLL-A (UG/L) 1.20 1.40 0.19 < 0.30

%/



I Table C-5 (Continued, Page 6 of 6)
RICHARDO B. RUSSELL PRSIMPJUNOMCNT STUDY - CONqTkACT NG. DACW21-81-C-o02;

INATER UJALITY ANO 6ACT~ik1J-OY DATA -SAVANNAH kIVc-R - COLLLCTCOU 7/15/'Ol

WA1Ek~ QUALITY SAMPL1IN. RESULTS

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

: STATION *STATION 'STATIUN *STATION
* PARAMETEF NAMEý (UNITS) 11-A * 11-3 1,!-A * 12-U

**7/15/81 7/Isa 1 5/ ~ 7/z * 7/15/ol

* ~PHYSICAL DATA
* LABORATORY DATA

*CCLCR (PT-CC UNITS) * 300. * 300. * 110. * 100.
*TUkbICITY. HACI-. TURnU1..,lMTLk (FlU) * 24.00 23.0j 45.01) 4!>.J00

T CTAL NuNFILILRAbLE FLS13UE (MG/LI 42. * 40. * Co o

* ~CHEMICAL DATA
* IINEFALS AND METALS UU

*ALKALINITY. 7CTAL iMG CAL03/L) 3 63. * 70. * 72.
CNLCkIL)- (PG CL/L) 13.0 * 13.0 1 4.2 * 4.3
L ALCIUM. TGTAL (11G CA/LI .2 6.7 * 12. 0 12.0

*HAR DNSS,. TUTAL (MG LAýC3/1-) 40. * 41. ' 57. * 57.

I IRLN."Dl GCLVL (M6 Fr./L) < 0.20 < 0.20 < 0. 23L < 0.21
*IkON. TOJTAL iMG FL/L) 1.60 ' 1.60 4.50 0 .

*MANGANESE, DI!SSOLVED (MG MN/LI 0.07 * 0.05 *< 0.05 *< 0.0!D
MANGANES>E. TOTAL (MG MN/LI 0.06 0.10 * .Ob < 0. 0 5ka PUTASýSIUM. TLTAL (.-G K/LI 4.30 * 4.30 * .5

* Su;DIUM,. TOTAL (MG N1A/L) 3 7. 00 37.300 7.90 * .20

* NUTk&INTS

*LAkOON. TUTAL GkGANIC (MG. C/LI 30.0 34.0 * 3.5 * 3.0
*FRE E CAR býN C I CX I G (M G U2 /LI) 2. * 2. * 2. * 1.
*NITkG..tW. TOTAL AMMUNIA (Mij N/LI 0.061 *0.Oo;I *01012 0.015

*NiTROGEN. NITRATE+NITkITE (MG. N/LI 0. 4 10 0.4b0 0.130 *0.120
*NITROGEN. UISSULVEC TK-N I M1. N/LI 1.20 * 1.20 < 0.25 < 0.25
NITkUGLN. ITl-CL KILL04HL (MG N/LI 3.30 J.40 *< 0.25 < 0.25ý

* OTHQJPhOSPHAIL* 40ILSSLVED INC; P/LI 0.S70 '0.560 0. 220 *0.220
PhOSPHATE. CNTiFO ýMG P/LI 0:570 *0:b10 *0:240 *0:240

*PhUSP-IATE. TOTAL (MG '/LI 0.920 0 V40 * 0Obo * 0.3C

DEMAND GRCUP UU

BCD. 5 DAY. 2CL'E5, C (MG/LI 16. -<' 1. -

*CUD (MG/LI 79.0 -ZU .7 * -

* ~BICLCGICAL DATA

* £ACTEkIOLCGICAL DATA U

SFECAL CtDLIF(!kM (/IOOMLI 83 * 73 76 b
TurAL CLI-Fakm (/130MG) * 1200 * 100 2600 * 163
F FOCAL 5.Tk P I GCU CCI (/ IU OM L, 8100 * 9703 b* O lzo oo

BIOMASS MEASUkEMENTS U* .

78CHLOROPHYLL-A (60/LI 420.00 * 00.00 13.00 L .30

---------- ----------------------------------------------------

A - -



Table C-6

RICHARD 83. RUSSELL PREIMPOUNDMENT STUDY - CuNTRACT NO. OACO21-d1-C-002'.
WATER Q2JALITY AND UL..TRI.)_UGY OATA - SAVANNAH F.IVEq - COLLEC'jLD 7/17/*d1

*ATeR QUALITY SAMPLING RESULTS

* STATION * STATION STATION, * STATION
* PARAME7ER NAME ( oN I TS) 1-A -d - 2--A-u
* e 7/17/81 * 7/17/61 * 7/17/31 * 7/17/oL

PHYSICAL DATA

L/$BORATU•Y DATA

COLOR (PT-CO UNITS) 20. 20. 21. 21.
TUbIOLTY# -iHACh TUkBIUIM"TER IFTU) 7.70 5.0a 0 4.o0 4.bO
TOTAL NONFILTERAkLr IcSIDUE (MiU/L) 6. 0. . < 5. < !.

CHEMICAL DATA

MINERALS AND METALS

ALKALINITY. TOTAL (MG CACUJ/L) 19. 19. 25. 25.
C* LODI•. (MG CL/LI 1.9 2.1 .0 3.0
CALCIUM. T'TAL (MG CA/L) 1.5 1.0 1.2 1.5

*HARDNESS. TUIAL (MG CACD3/L) 9. i. 11. * 1.
IkON. DISSLLcD (MG Fc/L0 < 0.20 < U.20 < 0.20 <
IH'RON. TGTAL (MG FE/LI 0.Ce U.O* 0.43 0.,4o

MANGANESE. DISSOLVED (MG MN/LI 9< 0.05 0.U0 '< 0.05 -
MANLANu". TOTAL (MG MN/L 1 0.07 0.07 < 0.0t, < 0.o3
POTASSI'JM, TCTAL (MG K/L) 1.20 1.30 1.30 I.b0

SODIUM. TOTAL (MG NAA/L) 2.50 2.30 3.40 .3. ;0

NUTRIENTS

C'RBON. TOTAL CRGANIC (MG C/L) 3-1 1 2.5 3.5 3.5
F-. E CARBO.N OICXID6 (MG Lu'/LI 17. 17. 17. 17.
P*ikOUEN. TCTAL AMMONIA (ML, N/Li 0.120 0.063 0.090 0.170

NITROGEN. NITRATE+NITAITE (HM N/L) 0.180 0.160 0.180 0.1ý,0
NITROGEN: DISSOLVED TKN (N. N/LI < 0.25 < 0.25 < 0.25 < 0.:25
NITROGEN, TOTAL KJELDAHL. (MG N/LI < 0.25 < 0.25 < 0.25 0 0.e5

*ORTHOPHOSPHATE 1 DISr.LVED (Mý. P/L) 0.008 0.009 0.009 <0.002
PHOSPHATE. CR'IHO (MG P/L) <0.002 0.002 0.002 U 0.Q2
PHOSPHATE. TClAL (MG P/LI 0.015 0.023 0.019 0.017

DEMANL GRCUP

BCD. 5 JAY. 200EG C (MG/L) < 1 -- 1. < .
COO (MG/L) 7.6 -- 5.6 --

BIOLOGICAL DATA

9 ACTERIOLCGICAL DATA

FECAL COLIFORM (/100ML.) '0 to 30 40
TOT.AL CULIFORM (,/ICOML) 130 o0 Ito 130

FECAL S1R**PT6CCCI (:'L00AL) 1:0 150 4()0 7z0

dIuMA5S MEFASmL, ~r crN "S

C PLOROPHYLL--A ( t.G/L| 1.30 0.93 L.50 1.70

*Sample past holding time.

,-: .- , :.,.......'-...•.•'-.......,.,..,...-..,..-...-,,... ...-...-...-.-. ,-..-.. .. ,. .-..-.. ,-.-,...-..,-.......-,.....,..,-......,.........,.......,.-,.... .,.... -..,
=:.- :r•..,...", .'• .'- .?•.::.." .'..•..........................................................................................."......".........................'-'-....... -"-" '-'• -•-•' "%



Table C-6 (Continued, Page 2 of 5)

AICtHARD 8. AUSSELL Rk-•EIMJUNDMENT STUDY - CONTNACT NO. DACW2I-61-C-0029XATIER UUALITY ANL) lJACT,-klJýU6Y DATA -- SAVANNAH k•IVEýR - COLLECTED 71171161

wATELR QOLITY SAMPLING kESULTS

* STATICN * STATION * STATIuN * 5TATION
* PAkAMETEA NAME (JNITS ) 3-A 3-3 4-A * 4-0
* 7/17/El 7/17/1 " 7/17/61 7/17/81

PhYSICAL DATA

LAB ORA TOY V DA 1A

COLOR (PT-CO LO NITS) 38. a31. 30. a.
TuiWlDifY. HACH TW,131:IM-T•k (FTU) 5.60 4.0O0 23.00 22.00
TLTAL t-INIL 1 EALILL (MG/L) < 5. < 5. 31. * 1.

CHEIIICAL .ATA

MINERALS AND M-tTALS

ALKALINITY. TOTAL (MG CACL3/L) 4ý. 42. 50. 50.
ChLORIDe. tMG CL/L* 4.7 4.4 11.0 11.0
CALCIUO., ITTAL (MG CA/L) 2.9 2.7 4.3 a. o

HAkU•NS-. TCTAL (NG CACu3/L 17. 17. 23. 22.
TICRN. D{ISLLVrL (MG Fý/L) 0.24 < 0.2J 0.27 0.20
*1., TuTA- (/O F-/LI 0.66 0.53 2.20 2.00

MANGANESE. DI!SSLVEL) (M(; MN/L} 0..2 0.10 0.10 3.1
MA.NGANES-. TOTAL (MG MN/L) 0.17 0.12 0.21 0. 2
POTASSIUM. TOTAL (MG K/L) 2.20 * !0 3.30 .3.I0

SODIUM. TUTAL (M3 NA/L) 5.00 5.10 9.10 10.00

NUTR IENTS

"*LAR•d N, T67AL ORGANIC (MG C/L I 6.5 4.0 .0 5.0"*Fi,-E CA ,,N C CXIDc (MG ' h/Iý * 1 . 2,. I1. 1 2.
NITROCGEN. TOTAL AMMONIA (HM N/L) 0.063 0.110 0.100 0.190

* NITHLGEN. NITRATE+NITAITE. (Mh N,/L) 0.110 0.1L10 0.440 0.420
NITOGG&N. DIESOLVOD TKN (MO N/L) < 0.25 C 0.25 0.33 0.31
NiTkUGE;•. TOTAL KJELCArIL (Mi N/L) < 0.25 0.2f. 0.37 .0.4

GRTHUPHýJSPHAT-. DISSCLVeD 4,M4, P/L) 0.006 <0.002 0.038 0.02;,
PmuSIH;•P ATE, LAT•,C (PG P/1-)I <3.002 <0.002 0.0,33 0 .32S

SPhbSPHATe-+. IC-TAL (NG P/L.' 0.0O-2 0.021 0. 1.0 U .14,0

DEMAND (,RCUP

*CJL) . 5 DAY . 20Oc-G C (MG/L ) 1 * --- 8 • --
CC) (MG/LI 5.8 -- 13.0 --

SBLLOGGICAL DATA

* . BACTERIOLCGICAL CATA

FECAL COLIFOR, (/100K-) ..37 30 590 460
TCTAL CLLI-(JkN (/100ML- 300 200 1600 400
F DC AL STR.PTCCCCCI (/IOOMLI 410 j C3,0 100 1700

-- BJILASS MEASUS.TEMtNIS

CHLCiRCPIPHYLL-A (UG/LI 4.10 4.10 8.50 7.9C *

1%%

CIS',
i7

. , :- • : ... , .' : - .... •. . ..- .•.-.-, . .,•... .. ,..' . .. ... . ....... .. . - -. . .. , . , . ..-. ..-.. . ,. .. - .



Table C-6 (Continued, Page 3 of 5)
RICHARD U. RI, SSELL PREIMPOUNOMENT STUDY - CUNTRACT NO. OACW21-61-C-002c

WATE.R QUALITY AND SACTERZi..OY DATA - SAVANNAH RIVER - C.LLECT4.D T/L7/451

N WATER QUALITY SAMPLING RESULTS

- - - t - --

* STAT ION * STATION * STATIUN ' STATION
* PARAMETER NAME (UNITS) 5 S-A 5 -a b-A 6--U

* 7/17/81 7/17/61 7/17/61 717/o6

------------------------- --------------------

P*I-'€[CAL DATA

LABORATORY DATA

SCLLGR (PT-LO UNITS) 75. 60. 6. 7.
TUkdIDITY. HACLh TUABOIDIM-TER (FTU) ' 8.70 7.70 0 1.50 0.b0
TLTAL NGNeLLTEHAbLE•r N"LUUE. (MG/L) ' < 5. < 5. < 5. < b.

" * : CHEMICAL DATA

* MINERALS AND METALS

ALKALINITY* TCTAL (MG CACOJ/Li 2 26. 28. 15. 17.
f CHLCkIDc (MG (L/L) 2.5 2.5 2.0 :tI

* CALCIUM. TOTAL (MG CA/LJ 1 6 1 6 1.4 1 .4

""" ARONESS TO7AL (MG CACUJ3/L) 11. L 2. 17. 5.
IRON, 0IS5ýLLot:D (MG Fc/Li < 0.20 < C.20 < 0.20 < 0.20
IkUN. TUIAL (MG E./L) 0.70 C 1.00 < 0.20 < U0L.

iMANGANISE. OUSSCLVEO (MG MN/L * 0.06 < 0.05 < 0.05 O< 0.05
MANGANkýSF. TCTAL (MO MN/ý * < 0.05 < 0.05 < 0.0 * < 0.35

* PCTASSIUM. TOTAL (MG Kj/Li I.',0 ' .. 0 1.10 1.10

SODIUM. TOTAL (MG NA/L) 0.98 2.70 2.50 ;2.20

* NUTRIENTSK *CARUON. TOTAL CA.RGAt.IC (MG C/L) 3 I 3.0 3.5 3.0
FREE CARBON OICXIOL (MG CU2/Li ao. 20. b2. 27.
NITROGEN. TOTAL AMOCNIA (MG N/L) Z.Jd3 0.0.3 0.065 0.07.

* NITROGEN: NITRATE+NITIRITE (NM. N/L) 0 350 0 0.210 0.190 0.1L60
NITROGEN. DISSOLViC TKN tMG NIL) < 3.25 < 0.25 < 0.2; < 0.25
NITROGEN. TOTAL KJEiLDAHL (MG N/Li < 0.25 < 0.25 < 0.25 < 0.25

ORTHOPHOSPHATE. DISSCLVED (MG P/LI 0.004 0.012 0.011 <0.002
PHUSPHATE. C-R1HC (MG P/L) <0.302 <0.002 <0.002 <0.002

.. PHOSPHATE. "CGIAL (MG P/L* 0.010 0.021 0.016 ' 0.00t
DEMAN)A GfR CUP C

BCDD. 5 UAY1. 20UFG C (MGI-) < 1. -- < 1. -

CIL (MG/L) * e. ---- 6.5 10.0

BIOLOGICAL DATA

BACTER•ILCGICAL DATA

FECAL CQLIFORCM (/100M.) * 170 60 -- • -
S TOTAL COLIFURM (/100ML.) 700 400 10 < L
A " FLLAL STRc.TLCCCLI (/IOOML) 910 770 23 1b

.5 ..

* ICMA4S MEAS"R4EJ NIS

SCHLOAOPHYLL-A (UG/L) 0.71 0.60 0.25 0.25.. . . . . . . . . .. . . . . . . . . . . .. ... . . . .. . . . .. . . . . . . .

•2"' "Colonles overgrown; could not count.

L. . .. - -, -, . . . ,," . . " r• , ", ' . -- --- oo" - - "- ",•n ." ." -. ". . " ""--"- -.-- --. --- ---- "-"- -.-- -,-. ."-,.."-.."-

: V ",A



T ab I C-6 (Coprt Inued Paoje 4 of 5) ~
1 C'.i) 0i S ,ILLL ~5I H'J LND)M'4T 5T SLIY -C.NT A C7 N.C. a A CJ2I -e I - C-002,1

wa L CI I Y AN L, t.C. T1 J r 0)A TA - S A VANN A Hk V L; - C ,LL L C T L //7 1~

t. A Tr 1 i .A L IT Y S A ~L INu. k ýL, L TC

S TAT ICN S STA T iON STA10i LTICT I O7 Li4
PA* T NA PL ( kPNI Ii 7-A 7-, * 3-A 6 -. j

*7/17/81 7/17/61 *7/ 17/d1 7/17/61-

Pt ! OI CAL- DATA

* LýUb;LýACNY CATA IS

C C,.L P T - C'-L3 INIS 1 70 CICo. * 10. 1 i.
T - I D II T V fL~ L,e3 31 4 Ttý (FTU) *12. 00 1 11. 00 * .Sa tu.5
I (L TI. Nt4 L r LTItCLQ ýzý I .i 46, L 5. '< 5. 5< <**(~

* ~~LHE.I(Ai. CAiA 55

* Mlr.CNAL5 A?'., ?4TAILý S

4 LKALY?.ITY, Tc.IAL (Mr. L.AC.O3/L) * 3r,. 3b. 21. * 20.
* hI~ (W(.xCL/L) 2: 3 3. 7 * : .3 5 .3

*CALI1aM. %I 1L 3 CA/L) 2.8 * .3 * 15 * 1.

*HAýCGN 5, TGT AL (m G CA LC3 /L 14. * 1. 1 12.
I hLN: Jl jLLV- C (M fý L/Li 0.35 0 0. 35 < 0.3~*. 0.20
; u't. T-..AL tmC, FL/L) 1 1.20U I 1.0 b < o0.'0 o < 0.20

* MANGq(ANE$E. O01 ýLL'D (MG MN/L 0. 14 ' 0.14 *< 0.05 < 0.05
7CM I O1 (M. MN/Li 0. 13 * 0.16 < 0.05 < (0.05

* 31~S.,.TLIAL (PkC 5/L) 2.60 2 2.0 t * 1.50 * 1.40

*SLOZ71IM. T...TAL (MG. l.A/Li 4.20 * 3.40 * 5.10 * 4.40

* NuTnS.NTS

CAi;J..N. TQTAL CA;GA.NIC (AS C/L) * 4.0 * 30 3.5 * 3.0
fi- CA;ý6WN .31C.X1)C. I - C,2/LI ) 1C., 17. 15. lb.N11MD5IN. TOTAL AMH'3;N% (M4. '4/Li 0. 74 , 0(12 0.0 74 0.130

*NIT.A2N NI TNATLeF.l 7k-Tc (M,- N/LI 0.310 0.320 0.270 *0.2b0
N I . 1~lL)ICLVLe TIN i PM3 N/LI J 0.61 * .5 *< 0.25 < 0 .2t -
NU~ia LN. TLTAL KicLOAHL (MUa N/Li 2.00 < 0 . 2. < 0.25j < 0.2b

hCf'r,-O',S"NATE. OIESC-VE6 (.45; P/LI 0.024 *0.039 0.029 0.032~ N3(H,; P/1I-* 0.0 16 *0. 017 *0.017 0 0.32 0
P4(- i LT L ~ P /L J 0.04 1 0. 048 U.0J 110

DLMANJ OG.CUyA

BL33. r-, DAY. <03 C 5:/L . -- S< 1.
c 3 0 (M;O/Li 4.5 - .

* S~~ILLOCICAL DATA SS

B ACTIC.uLCý.C.ILL DATA S

*FECAL CCýL!Fk,3 :/ICOML; 150O 150 * 6 a
7uTAL- C..L F LN 1/ " wLI 800 boo0 400 * 400
FLLAL b T k -'hLCLCCI 1/IJOHLi 2300 3 3200 * 220 * 3s0u

*C.HLkCiCPNYLL-A (UC/Li 2.50 * 1.9.0 < 0.10 * 0.39 *

- - - - - - - - - -- - - - - - - - - - - - -- -- - - - - - - -- - -



Table C-6 !Continued, Page 5 of 5)
RIC CHAR 3. RUSSELL PrEIHP )UNDM2NT STLDY - CGNTNACT NC. OAC.21-3|-C-002i,

WATt. 0O-ALITY ANG UA.CTtkJMJ.2(.Y DATA - SAVANNArH RIVER - CJLLLCTE..) 7/171/,5

maAiZ (3UALITY SAMPLINh RESULTS

* * STATICN * STATION * STATION "-TATI.N
* PARAMETER NAME (UNITS) * 9-A 3-3 10-A * l0-di
* ' 7/17/61 7/17/al * 7/17/al * 7/,7/!

P4Y51CAL DATA 0

LABORATORY CATA *

CCLCOM (PT-CC UNITS) * 110. ti1. 3. U.
" TUdICU ITY. HALl- Tu 3dIJIM.TEiR (FTU) 16.00 1b.0J * 0.5J * 0.50
TLTAL NuNFILTt.ALLL SrciULU (/M(U/Li 8. 7. < 5. . < b.

CHEMICAL DATA , ,

INNCRALS AND METALS 9

ALKALINITY. TCTAL (MG CACG3/L) 30. 32. 20. 16. 7
CHLC.IOr: (MG (.L/L) :.1 b.5 l. .b
CALCIUM. ILTAL (MC CA/L) 1.4 1.6 L.) 1.3

*HARDNESS, TOTAL (MG CACO3/LJ 12. 11. * . 9.
* IkrN, 0I-5.LVEC (MG 1-'/L) 00.38 0.44 < 0.2-3 < 0.20
* IRLN TOTAL (MG FE/Li 2.10 2.30 < 0.20 * < 0-i 0

*MANCAN6SE. OISSCLVED (MG MN/L) 0.11 0.12 < 0.05 < 0.05
MAN.ANESE. TCTAL (CG MN/L) 0.11 0.U9 < 0.05 < ( 3. CU
PLTA.SAIUM. "T AL (00(M K/L) 2.70 2.73 1.2) 1.10

SODIUM. TOTAL (MG NA/L) 5.33 1 1.00 2.63 2.30

NUTR IEN 5 T S

CAkSý;N. TuTAL CAGANIC (M; C/.-) 5.5 4.5 2.5 2.5
FKEE CAkb~h DICXIU. (m4s CL2/L * 13. to. 35. 32. .
NITCG .N, TOTAL AMMONIA (:-,3 N/L) 0.110 0.220 0.04o 0.07"4

NITRLGEN, NITRATL+,IT,,.IT. (A. N/L) 0.460 * 0.440 0.170 0.160
NIT.OGUEN. L)UISSCLVEC TN'K (MG N/L) 0.31 0.?o < 0.25 < 3.2b
NIThHLUEN, TOTAL rJ.L;,Att. ('4,a N/L) 0.42 0.0 * < 0.25 < 0.2t)

* OTH1:GPHGSfr-HAle* DZ.SCLVL_) (Mý P/Li 0.1,0 0. 160 0.004 0.304
PI-5.

4
9HAT'-. CRIHC CMG ,/L) 0.170 U0.173 <0.002 <0.J.3:

Pt-iCp PHAI-E. 701AL IC.. P/L)i 0.360 * 0.37 * 0.005 0.10

SMAN`) GACUP "

BLO. 5 UAY. 200C-G C (Ms/Li < 1. -- < 1. --
C LL) (MG/L) 10.0 -- 11.0

*et!LOGICAL DATA -

BAC7ERIOLCGICAL DATA ,"

FECAL CLLIFCRM I(/lOO..) 510 5ba 4 2
TLTAL CULIFLA. (/IO0MLi 1000 -- * 8 a 7
F.LAL STkQPTCCCCLI 4/IJOMLJ 6100 5903 37 4.3

*dIOMASS MLAbu'-EMENTS *-

CHLui.CPHYLL-A (UG/L) 3.30 J.40 0.14 < 0.10 "

WColonies overgrown, could not count.
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"Table 0-1

RICHARD 11. P',EELL L 'RF r ,PO -)ND14.JT STUFTY - CCOTRAcr NO. OAC'21-81-C-0029
S'DI4m-NT DATA - SAVANNAH RIVER - COLLECTED 2/9-15/,31

SEf'IMEr4T SAmPt.ING RESULTS

* * STATION * STATION ' STATION * STATICN

* PAPM'4T'R NAUIE (UNIT:s) * -A 1 l-B 2-A 2-U9' ' 2/11/81 * 2111/51 2/10/D 1 * 2/10/91

* MECHAN'ICAL DATA .

* %SIEVE ANALY, IS

. 9E D -L (7 FINE- THAN 2.0 MA4) --1 95.0 -- 85.0"* -IED TL (• FI'ljr 
T

HAN 1.0 'M) ---- 85.0 9.-- 90
,ED CTL I % FINER THAN 0.5 %14) --- 45.0 ---- 37.0

* giFr '4TL ( % r 'IE'Q THAN 0.2-i -v4) =- 6.5 -- 20.0
.9F0• M TL (X FINEQ THAN 3.13 I M) 9 --D 2.1 -- 3.1

HYcrC'4ETEn A'JALYSIS

'I' ') TL F('F 'VD THA N 0.094,M ) -- 1.3 ---- 1.5
* rD MTL (S FI'4E THAN 0.002 -"4) --- 0.2 -- 0.3

PHYSICAL G CHC'4ICAL DATA •

P'4YSIC.&. DATA

VOLATILE SCLIDS I% TOTAL DRY WT) 0.35 * 0.54 , 0.66 0.63
* MISCT5-LANECUS CHF'IICAL DATA 1.

CA93CN. OCGANIC (I TC'AL DRY wTI -- 0.06 -- 0.10NIT4C.:;FN TOTAL KJELD*IfL (MG W/KS) 37. 33. e2. * 72.
OIL & GREASE (TOTAL DRY wT) 0.2 0.3 0.2 0. .

PICSP"RIRJS. TOTAL ('G P/KG DRY WT) 39. 45. 49. 41.

HEAVY METALS

AP3SNIC (4G AS/KG DRY WT) < 0.3 < 0.3 < 0.3 < 0.3
CAD'II1J ("G CD/KYO CPY WT) 0.21 0.72 0.24 025Ci'-RIU'4 (MG CR/K, DRY WTI < 3.0 < 3.3 < 3.0 < 3.0

CCP-'FR (HI CU/WK DRY WT) < 0.30 < 0.33 0.44 ' 0.30
"ILCN ("G FE/KG DPY WT) 1000. 033. 2200. 2100.
LEAD (MG PD3/KG DRY WT) * 1.4 1.2 2.1 2.5

'4A•9.G'E•SE (G 4N/9G DRY wT) 170. 140. 450. 320. 6"E4C'J;Y (14G HG/K3 DRY WT) 0.004 <0.001 <0.001 0;002 0
NICKEL (MG NI/KG DPY VT, 6.4, < 4.0 7.6 .1.09 •
ZINC (MG ZN/KG DRY WT) 2.1 4.6 3.6 5.0

"CI'-LORIIIATED HYDPOCAROON PESTICIDES C

ALDOIN (US/KG DRY WT) < 1.0 <-- 1.0
N-HC-AL rH A I SCI-,ER (U0/KG DRY WT) < 1.0 ---- * 1.0 --* t'iC-HETA ISOM1 D (UG/KG DRY wT) < 1.0 <-- C 1.0 -- a

"*IHC-A MMA ISnmFR (UG/KG DRY WT) < 1.0 <-- C 1.0 ----
CHLPrR)ANE (UG/KS DRY wTf < 1.0 <-- 1.0 --C.P- 0L ) ('JO/KG DRY WT) I l, ---- < < 1.0 -

P,-' r),1, 1 (Ul./KO DQY WTI -< 1.0 < --.0-
.,0.-- DOE• ('JG/<S 0OY wT)I < 1.0 ---- <' 1.0 --

. ',P DOT' (UG/KG ".4Y WT) < 1.0 <-- 1.0 --

P.P' DOT (UG/KG CRY WT)I < 1.0 <-- 1.0 ---- 9
P.09, N)'t (UIN/KG DkY WT) < 1.0 -- < 1.0 --

IEL'D"I'J (bUS/Kr, D'Y Wl) < 1.0 -- < 1.0 --

H; -E'iDPlC ('jO/KG CY AT) T< 1.0 < 1.0 --1H•{PTA•CH•.D, (UG./IG CRY VT) * 1.0 --- Cl 1.0 * "--

MIPEX (J-fG/KG DPY WT) < 10. <-- 10. --

PCR-A,)rf:L1r 1242 (U- 1, DPY WT) < 25. -- < * 25. ---- 9
PC'i-"4CCL]J IOJ( IN .t G D1Y Wi)I < 25. -- < 25 --25.
PCFI-AoOCLIR 1260 (U. 'G DRY OT) < 25. -- < < 25. --

TCXAPiENE ('JrIKG R")PV WT) < 25. <- 25. I

- - - - - --... .... - - -- - .- -- -- - - - - - , -- " -- - - - - - - -- - ".-

7



"-" Table 0-; (Continued, Page 2 of 6)

RICHARI 3. PUSIELL PQ I'mPOUUNOD'tJT STUDY - CONTRACT NO. DACN21-RI-C-0029

SCDI'4-NT DATA - SAVANNAH RIVER - CCLLECTED 2/Q-IS/tdI

SEDI'r'NT SAMPLING RESULTS

, "TATION * STATION * SrATION • STATICN

* PA R %'<4CTS NA ME (UJN ITS ) 2 3- A 2 3- Il 2 -A- I 2 /4- A81

, o 2/12/A1 * 2/13/81 * 2/ 9/Al * 2/ 9/Al

,'MCCHA'IICkL DATA
. I_ 9 S

SIEVE ANALYSIS 5 S
*I9I 6 9

*,BED MTL I% FI"EP THAN 2.0 M4N) -- 9 92.0 a 58.0 * --

* lED mTL I% FINElR THAN 1.0 M4) --- S d2.0 0 48.0 * --

* RED 4TL (X FINEP THAN 0.5 MM ) 55.0 0 26.0 * --

4 4FD MTL (wC FINFR THAN 0.25 ,'4 --- 24.0 ' 13.0 * --
. BED MTL I( FINER THAN 0.10 MM) ---- 8.3 4.6 --

* • I"HYOROMETER AN.ALY'SIS

". 9 -3ED 0MTL (, FINER THAN 0.09 MM) -- 5.3 * 2.5 --

D ED N TL (5 FINER THAN 0.032 MM) 1.-- S 4 0.7 * _-

PHYSICAL C C[OE'ICAL DATA

PHYSICAL DATA

VOLATILE' SOLI'IS I% TOTAL DRY WT) 0.92 0.87 " 0.76 • 0.o2

MISCELLAN-CUS CHE`ICAL DATA I •

*'CAR•DN. ORGANIC (X TOTAL DRY WT) -- 0.17 ' 0.10 --
*NITROGE,. TOTAL KJELDAHL (MG N/K:) 120. 130. 0 150. a 120.

OIL & GQEASl- (.TriTAL )RY WT) I< 0. 1 0.2 0 0.2 4 < 0.065

PHOSPIrPUS* TOTAL (MG P/KG DRY WT) 51. 74A. 130. * 130.

* HEAVY METALS 9 *

ARSENIC (4C. AS/KG DRY NT) < 0.3 < 0.3 < < 0.3 < 0.3 "CADMAU14 ('4G CD/KG OPY WT) <0;24, 0.t9 • 0;:22 0;!7

CHtRO'41UM (4,1 rR/K-, DrY wT) < 30 < .0 o lo •<30 0

COPPER (M4; CU/KG OrY WT) < 0 0.30 *< 0 < 0.30 < 0.30

* IRON (M-, FE/KG DQY WT) 1200. 1302. 1100. 2500.
"LEAD (MG P3/KG DRY WT) 2.4 2.0 * 2.2 • 3.0

MANGANESE (1'G MN/KG DRY WT) 340. 510. * 270. * 270. 9

MFPRC1HY (-4G HG/K1 ODY WT) 0.009 0.015 * 0.004 <0.001 *
NICKEL ING NI/K, DRY NT) 5.4 5.3 * 9.0 * 9.6

ZINC (MG ZN/KG DRY WT) 2.6 5.8 * 3.7 * 6.1

*CHLORI'4ATEO HYDROCARdC'l PESTICIDES 9 9

""TALI I (U* /KG DRY WT) < 1.0 <-- " 1.0 " --1 .
,', ntiC-ALDHA ISOMER (UG/KG ODRY WT) < 1.0 -- 1.0'O " --

P-Hc-r'ETA I SOMER (UG/KG DRY WT) < 1.0 -- 1 .0 -

1i4C-GAHMA ISOIER (UG/KG DRY WT) < 1.0 <-- * 1.0 ' ----
CHLORDANE (HIG/KG DRY JT) < 1.0 --- 1.0 * --
DIP' DOD (UG/KG DRY WT) < 1.0 -- < 1.0 --

""P P' ,p')3 (UG/KG ,RY wT) < 1.0 --- 1.0 --
0,01 DOE ( UG/PKG DRY WT) < 1.0 <-- 1.0

PP' DDE (Us/KG DRY WT ) < 1.0 ---- 1 1.0 I --

O.P* DOT (U,/KG DRY wT) K 1.0 --- 1 1.0 ----
SP.01* DDT (U.I/KG DRY WTI < 1.0 -- < 1.0 ,

-- DIELDRI'N (U';/KG DRY WNI < 1.0 -- < 1.0 --

ENDIJIN (US/KG ORY wT) < K10 --- 1 . I.0 - --<-

* HEPTAC14LOQ (UC./KG DRY wT) < 1.0 -- < 1.0 -- I

,. SMIREX (UG/KG DRY WT) < 10. It-- " G ;0. ' --

PCO-APCCLOR 12,42 (UD/ q DY WT) * < 25. - " - * --< .

PCr1-APCCLOR 12',4 t')H/KG OPY NT) . < 25. --- 25.o --
PCLO-APCCLOn 1260 (Ui,/KG D'SY wT) < 25. ---- < • 25. * --

TOXAPt4'JE (lUG/KG D.JY WT) < 25. <- i 25. --

. .



"Table D-1 (Continued, Page 3 of 6)

R IC CHA P) q. PO SS LL : l' I 'WPrnJ4'.A 'iT STUJDY - CCNT PACT NO. DA, 21-F8I-C-0029
5501 'iNt DATA - SAVANJ'AH RIVER - CCLLECTED 2/9-15/a1

SED) kIENT SAMPLING RESULTS

* * STATICN * STATION * STATICR * STATION
DAR. 'ETEP NAM'F (UNITS) ' 5-A * 5-9 6-A ' 6-*

* 2110181 2/10/81 2/15/91 2/15/ E1 '

M '4ECIAI IC AL DATA 5

SIEVE ANALYS IS

* ,ff MTL (4 FPISP THAN 2.0 4%) -- 6 6.0 -- 28.0"It-. r.) VTL ( F FI'"TFp THAN 1.0 ',4) ---- 68.0 18.0
9 ED UTL (•, FI'ER THAN 0.5 'AM) -- 34.0 -- ' 6.9

CED MTL (M FI NER THAN 0.2-5 M'4) -- 13.0 -- 1.6
". ED 44TL (% FI1'ER THAN O. I ')44) 1-- * 4.7 --- 0.5

" . HY-0'IFTER ANALYSIS o

*"D %TL (5 FIf'E THAN 0.05 MA) -- 2.7 -- 0.3
:1--D k4TL (5 FINER THAN 0.(')2 kil) ---- 0.5 ---- 0.1

n"HYSICAL & CAEMICAL DATA

PHYSICAL DATA.

VCLATILE SOLIDS (% TOTAL DRY WT) < 0.30 0.65 0.48 0.40

M)ISCELLANEOUS CHEMAICAL DATA

"CA99CN. ORGANIC (X TOTAL DRY WT) < -- 0.12 0.07
NITC.0ET.t. TOTAL KJELDAHL (MG N/KG) 78. ' 63. 0 49. 31.
OIL & GREAS' (%TOTAL DRY WT) 0.4 0.2 0.2 ' 0.2

PHCSPHCRUS. TOTAL ('AG P/KG DRY WT) 34. 31. 361. 42.

HEAVY METALS e°

ARSFNIC ('IG AS/K5 DRY WT) < 0.3 < 0.3 < 0.3 < 0.3
CACSAI J4 ('1.1 CD/KGC DRY WT) 0.47 0.18 0.16 0.21
CHROVIU'4 (14G CR/KG DRY WT) < C 3.0 , 3.0 < 0 30 < 3.0 0

COPOER (M40 CU/K3 DRY T) I < 0.30 < 0.30 < 0.30 < 0.30
* IPCN ('-5 FE/KG DrY WT) 960. 11003. 1900. 4 910.

LEAD (MG 3B/KG DRY WT) 1.6 1.8 * 1.4 0.9

MANS', "ESE ('IS MN/KG DRY WT) 180. 180. 470. * 220.
* '4FPCUOY (.G H G/K<; SY 4T) * 0.003 0.007 <0.001 0.021

9 NICKEL (M4,; NI/KG DPY WT) 6.8 7$? 4.5 < 4.0

ZINC ('4G ZN/KG DRY wT) 1.4 1.2 3.8 * 1.4

'CHLORINATCr) HYr)ROCARDCN PESTICIDES S

""LUDIN (UG/KS oRY WT) < 1.0 -- < 1.0
I41C-ALDPlA ISOMrER {UG/KC DRY WT) < 1.0 <-- 1.0 --"J"UIC-0C TA IS)'4 R ('G/KG DRY WT) < 1.0 -- < 1.0 --

,H--CA"MA ISr'I5 F (UG /KG DRY WT) < 1.0 <- C 1.0 --

SCHLR^IAE (JO/KG; D9RY OIT) < 1.0 -- < 1.0 --"O.P 00Dr ( U;/KG ORY T) I< 1.0 <-- 1.0 --

rp P DOC (1)/KG Dy WT) < 1.0 <-- 1.0 --

0,"0' Dr)O (1.G/KG DOY WT) < 1.0 ---- < 1.0 --

P.R P02" (UG/KG DQY WT) I. 1.0 ---- < 1.0 --

"0, P DOT (U,;/KG D,• Y WT) < 1.0 --- . 1.0 ---
-P,•o* ,S)T IS/KS D"Y WT) < 1.0 <-- C 1.0 --

DIrLDRIN (U3/KG DRY WT) < 1.0 <-- * C10 ---

EWhPIN1 (i)01/KS DRY WT) < 1.0 <-- 1.0 --

"I HE2;TACllLER (U(;/K.; DRY WT) < 1.0 -- < 1.0 --

-if )VlEX (US/KSG -)RY •T) < to. <-- 1 10. --

P('Fl-ACLRR 1 242 ';G/KS 0-Y NT) G 2D. --- C 25. 1 ---
PCU-A.lrCL3R 12-. ( US/K-,G SHY vT) C< 25. <-- 25. --

Pcfl-ANCCLnw 1260 (IJG/KG I)NY WT) < 25. -- C 25. --

TOXAPHE-IF (US/K'G D)RY 4T) < 25. -- 25. * -

'%%L

9. 9 - *...i.*.. . . . * -~*5 *5



% Table D-1 (Continued, Page 4 of 6)

RICHAn.) 9. P-ISELL ClREIUPOUNOMF"T STUDY - C0NTRACT O. DACW2z-ni-C-0029
SE:1%"CNT DATA - SAVANNAH RIVER - COLLECTED 2/9-15/81

SErIMENT SAMPLING RESULTS

"* * STATION " STATION , STATION * STATION
S IPARAM'4ETLk NAME (lIMITS) * 7--A 7-9 8--A 8 R-E3

*2/12/01 2/12/81 2/14/81 * 2/14/61

* "A4ECHANtWL DATA S *

S IEVE ANALYSIS S

'*ED MTL (v FINER THAN 2.0 MM) 84.0 * -- * 50.0
3*IED WTL (I FINEl THAN 1.0 MM) -- 70.0 -- * 43.0"B DED M (L (Y FINER THAN 0*5 "4I-j) ---- 44*0 -- 28.0

nED NiTL CX FINER THAN 0.29 MM) ---- 18.3 ---- • 7.6
* FlED MTL (% FINER THAN 0.10 MM) ---- 3.2 -- 1 .3

HYOPO4ETER ANALYSIS B a a

3E 0 IATL (I FINER THAN 0.05 MM) -- ' 2.0 -- _ 0.9
O0 YT 'TL (I FIllER THAN 0.002 MM) -- 0.5 ---- • 0.2

a PHYSICAL & CHEMICAL DATA a •

- P'IYSICAL DATA a a

aVOLATILE SOLIDS (I TOTAL DRY WT) 0.48 0.50 a .70 a 0.69 a

MISCELLANEOUS CHE'IICAL DATA a a

CAROC'l, ,"RGANIC I( TOTAL DRY WT) a-0.09 -- 0.10
I NITROGFN. TOTAL KJELDAHL (MG N/KG) 45. a 49. 8al. 43.

"OIL G ,REASE (%TOTAL DRY WT) 0.2 0 0.2 0.2 0.1

rHCSNHCRUS. TOTAL (MG P/KG DRY WT) 41. 39. 160. 27. a

HEAVY MPETALS a

ARSENIC ('-G A/./KG DRY wT) < 0.3 0.3 < 0.3 < 0.3
CAO0MI 'A 1'1:, CW/KG DRY WT) 0.30 0o.! 0.75 0.14
CHROMIU' (MG CR/KG DRY WT) < 3.0 < 3.0 < 3.0 < K 3.0

COP-rER (MG CU/KG DRY WT) < 0.30 < 0.30 0.68 < 0.30 a
"a"INONI (MG FE/KG DQY WT) 710. 610. 1800. a 1200. a

a LCAD (MG PNJ/K. DRY WT) 2.2 1.4 a 4.5 a 2.7 a

MANGANESE (/IG MN/KG DRY WT) 110. 69. 280. a < 25. a
SMERCUDY (MG NC/KG DRY 4T) 0.003 •<0.001 O.0O4 o0.005 a
NICKEL (MrG NI/KG DRY 6.T) 6.0 < 4.0 8.5 K 4.0 a

ZINC (MG ZN/KG DRY WT 1.9 1.i4 6.0 4.6 a

:CHLORINATED HYDROCARFOONs oESTICI)•ES a a

ALORIPI (U^G/KG DRY WI) < 1.0 -- a < 1.0 a --"nHC-ALPHA l1OPFR (UG/KG, DRY WT) < 1.0 <-- < 1.0 -
a-.'IC-H?3TA ISDM.R (UG/KG DRY WT) •< 1.0 -- 1 .0-

IHC-C.MP'A IEn'ER (UG/KG DRY WT) < 1.0 -- a 1.0 -
C'4IL.')A•:r ('JG/KG DRY 'MT) < 1.0 1:-- • .0 -- a
0,'" ODD IUG/KG DRY WT) * 0.0 <--- 1 i.o * --0

"P"f DODD IUG/KG OZY WT) < 1.0 < 1.0"aOP- DO{ (IJ';/KG DqY WT) < 1.0 -- K 1.0 --
"PP' DODDE (UG/KG DRY WT) < 1.0 <-- a .0 --- a

0.1" DOT ('JG/KG O1Y WT) < 1.0 <-- 1.0 * ----
P.P, Or)'DT IUi /KG fYIY Tw T < 1.0 ---- < 1.0
DOILLOi4I1 (U.;/KG DRY WT) < 1.0 -- < 1.0 -- a

F4')01'4 (U&/KG DRY WT) . < 1.0 a --- 1.0 ---
" PiPT CHL ,R (JG/KG DO7Y WT) * < 1.0 a - a < 1.0 ----

"a LPEX (UrG/KG ')RY ,T) . < 10. ---- a < to.

PCO-A0OCLCIr 1242 (IJG/1K. OQY WT) < 25. -- < 2. a ----.""a 'aC;p-AýCCLIR 1204 (IUG//G DRY WTI < 25. <-- a 25. --"PC'3-ANGECLCIR 1-260 ( I.G/KG DRY WT) < 25. a -- < 25. a -- a

TOXAr14ENE (UG/KG RY UT) W < 25. a -- a 25. a ----

----------------------------------------------------------------

p1.3

,-• • ,- , . . .. .. . . .•.. - . , , .-. . .. ,. ,. . ... , .. . - . . . .. .. - • :-. 2 .% ;-.. :..-. .-. . .... -.. . - ... •'- . - -.- '.< - . . • .• ,

- . = . • |



Table D01 (Continued, Page 5 of 6)
RICHARD 0i. RUSSELL PDEIAPOUNDN4rNT STUDY - CCNTRACT NO. OACW2.1-1-C-0029

SEDI'ENT DATA - SAVANNAH RIVER - COLLECTED 2/R-15/81

SEDIMENT SAk1 ING RESULTS

STATION * STATION * STATION * STATION
P PArAmETER NAME (UNITS) 0 9-A * 9-8 10-A * 10-1 e

* 2/13/31 * 2/13/81 2/14/, 1 1 2/13/81

MECHANICAL DATA 1 a

SIEVE AA LYSIS

B!- D MTL (0. FIllER THAN 2.0 t1N) 58-- S.0 -- 72.0
137 D MTL (M F EI CED THAN 1.0 U-i) --- -19.0 -- 61.0
DED .ATL I% FINER THAN 0.5 MM) -- 21.0 -- 25.0

MjD 'ITL (% FT'IER THAN 0.29 MM) -- 6.6 ---- 12.0
A EOD MTL (F FINE1 THAN 3. 13 '

9
l) -- 1.. -- 3.2

HYDO"'4ETZR ANALYSIS q* a a

nCRED mTL (% FINER THAN 0.013 MM) -- 1.0 ---- 2.2
-I ED TL (%. FINER THAN 0.002 Mm) ---- 0.2 ---- 0.6

PHYSICAL & CHEMICAL DATA

* PHYSICAL OATA

* VOLATILE SCLIDS (I TCTAL D)RY WT) 0.79 1.30 1.30 0.73 *

S MISCELLANEOUS CHE'i[CAL DATA

CARBCN, ORGANIC (% TCTkL DRY WT) -- 0.18 --- 0.11
NITRCGCEI, TCTAL KJELDAHL (NC N/KG) 69. 67. 0 26. 67.
OIL G GCOEASE ( %TOTAL DRY -T) 0.3 0.2 1 0.3 0.3

PHOSPHCRUS. TOTAL (11G P/KG DRY WT) 140. 71. 41. 39.

HEAVY 1AETALS • .a

ARSENIC ('IG AS/KG DRY WT) < 0.3 < 0.3 < 0.3 < 0.3
CkU'-IW1 (1G C3/KG DRY WT) 0.36 0.36 0.36 0.44CHRPOMIUM (MG CR/KG DRY WT) < 3.0 < 3.0 < 3.0 7.3

C•P'PER (MG ":U/KG DPY WT) < 0.30 < 0.30 0.41 < 0.30
IPON1 l'ýG FF/'KS DRY WT) 120o . 0 1200. 3400. * 2700.
LEAD (PAG P1/K.; DRY WT) 3.2 2.9 1.1 3.6

MANGA'ESE (%IG MN/KG DRY WT) 94. 69.. 210. 240.
•1C¶JkRY (%IG HW/KG DDY WT) 0.008 <0.004 0.013 - <0.001
NICKEL (MG NI/KG DRY WT) 9.5 * 4.0 0 6.2 # 6.7

ZINC (MG ZN/KG DRY WT) 3.8 2.3 3.4 5.6 a

'CHLCRINATED IIYOROCARBON PESTICIDES • ".?

ALOPIN (UG/KG DRY WT) < 1.0 c-- 1.0 --
9HC-AL'PHA ISOMIR (UO./KG DRY WT) < 1.0 -- < 1.0 --
PHC-LETA I sn'ER (UG/K., DRY WT) K 1.0 <-- a( O ---- 1.0

UIHC-G.AMHA ISLI-IER ( UG/KG DRY WT) < K 1.0 <-- 1 1.0 --

CHLMW-)A!JF ýlWG/KG DRY WT) < 1.0 <-- K 1.0 -- 9G.P' ODD (UG/KG DRY WT) < 1.0 -- < l10 --1 0

P,P' rDD- lUG/K3 :;.P Y WT) < 1.0 -- < 1-0 -- ,P),p' {DOE (U';/KG LRY wT) < 1.0 -< 1-0 ---.
P.DP' DOE (UJ,/KC; DRY WTI ) < 1.0 --- <K 1.0 --

O.P' DOT (IMG/KG DPY WT) < 1.0 -- < 1.0 --

O.P1 DOT (UG/KG CDRY 'AT) < 1.0 <-- 1.0 --

Of FLD* p IIl (UG/KG DRY *T) < 1.0 < -- K *.0 --

ENOR'N (UMG/KG DRY WT) < 1.0 <-- a 1.0 --UUPTAC.LU- (hiG/KC ORY WT) *K 1.0 -<-- 1.0

MIEX (uG/KG ORY WT) 1 K 0. -- a 10. --- a

PKFl-OPCCLOR 1242 (MG/IS OPY WT) < 25. ---- < 25. -- a
PC.-AQCCLIRP 1254 (UG/K'. DRY WT) < 25. -- < 25. -- *
PCD-AReCCLfOR 1260 (UM/KG DRY NT) < 25. -- < 25. --- ,

TJXAPHFNE (UG/KG DRY WT) < 25. < 25. •-.

a * S * ---

Ni:

"L2



Table 0-1 (Continued, Page 6 of 6)
RICHARD R. RUSSELL PREIMPOXNDHMNT STUDY - CONTRACT N3. OACw2I-81-C--0029

SEDIMwýNT DATA - SAVANNAH RIVER - COLLECTED 2/9-15/81

SEDIMEN41 SAMPLING RESULTS

-------------------------------------------------------------------------------------------

", STATIrN * STATION
PARAM4ETCR NAME (UNITS) 0 11-A 11-0". 2/13/81 2/13/81

------------------------------------------------------------------------------------------

'IECI4ANICAL DATA

* ,SIEVE ANALYSIS
* S

OED MTL (% FIJER THAN 2.0 MA) 91.0 * --
!1 Id MTL I% FýIJER THAN 1.0 MM) 81.0 * --" ...D -ITL (I FINER THAN 0.5 M-'4) 53.0 --

I. *ED MTL (I FINER THAN 0.25 MM) 27.0 * --
OED 'ATL I% FI14ER THAN 0.10 MM) 13.0 t --

KfY ORC'1ETEQR %NALYSIS ,

[RBED WTL (X FI1i-ER THAN 0.05 MM) 9.2 * --
SED MTL (I FI()ER THAN 0.002 MM) 1.5 S --

PHYSICAL £ CHEMICAL DATA S

*. "' PHYSICAL OATA 1 5

L LATILE SOLID'S (X TOTAL DRY WT) 1.40 * 2.20

MISCELLANEOUS CHEMICAL DATA •

. ORGANIC (I% TI. TAL ORY wT) 0.13 * --
L• NITRCý-. TOTAL KJELOAHL (MG N/KG) 100. ' 92. 0
OIL &- GRE-SE (%TOTAL DRY WT) 0.4 4 0.2 0

PHOSPHORUS, TOTAL (MG P/KG DRY WT) 190. 561.

HEAVY METALS *

ARSENIC (-AG AS/KG DRY WT) < 0.3 * < 0.3CAD'AIUMA (AG CD,'KG DRY WT) 0.58 • 0.31 #
CHROMIIUM (MG CR/,, ODRY WT) < 3.0 ( 3.0

0 COPOER (M4G CU/K5 .')PY WT) 4.00 • 9.30K IRCN (V.; FE/K; 3r.Y WT) 1903. 8300,
LEA) (mG *'B/KG DRY WT) 3.1 6.6

MANGANESE (4G MN/KG DRY wT) 200. 470.
* UrPCUQY ('1G H /KG DRY WT) <0.001 0.028

NICKEL (MW NI/KG DRY WT) 6.0 * 12.0

ZINC (MG ZN/KG DRY WT) 1.9 * 1.6

*Ch'. CPINATED HYORL)CAPR3N PESTICIOES *

"* ,LDRI'A (U.r/KG DRY Wi ) < 10 5 --.
V. 9HC-ALPHA ISO'.IEP (U-,/KG DRY WT) < 1.0 ' --

* HC-.ETA Is0uER ('JC/KG DRY WT) < 1.0 * --

f HC-CAv*iA ISEMlER (UG/KG OPY WTI) < 1.0 ' -- "
CHLOQRA'E (UU/KG T)RY wT) < 0 5 ----0
O.P' Of - (UG/KG DPRY WT) < 1.0 * --

'P P' p ODD I (UG/<G DRY WT) < 1.0 * --
*O.P* DOe (UG/KG DRY WT) < 1.0 * --
P*0* ODE ' JG/KG DRY wrI '< 1.0 --

- O.P DOT )I/KG DPY WT) < 1.0 --
*,P.P* OCT IQG/KG DOPY WT) < 1.0 * --

O:ELDRI N (UG/KG DRY WT) < 1.0 --

ENDRIN :UG/KG DRY WT) < 1.0 --
H* PTACIHLCGR ('JO/KG )PY WT) < l.0 ----
*-(4 j)EX (JG/KG DRY V'T) < 10. ' --

lPr.-AqrF(.iR 1242 (U5/KG ROY IT < C 25. 5 -
* MC.9-AzCrLnR 1254 (UG/K Dr)Y Wr) * < 25. 5 --PCI3-A4CCLUR 1260 (UG/KG ORY WT) < 25,

STDX.%PHENE (UG/KG DRY WTI < 25. 5 --

-- - --- --- --- - --.-.' , ,--,-------- -,.-,- '-.----- --..-- .-' -- -

• . , ,' ' i i i '



Table D-2

RICI4APr) 0. RUSSELL PREIMPo0JN04ENT STUDY - CONTRACT NO. DACW21-'31-C-0029
SEDIMENT DATA - SAVANNAH RIVER - COLLECTED 7/13-15/31

SEDIMENT SAMPLING 7ZESULTS

STATION ' STATION * STATION STATICN
PARAMETER NAME 'UNITS) I--A / I--l ' 2-A 2-B

• 7/14/RI ' 7/14/81 * 7/.14/131 7/14/81

MECHANICAL DATA

SIEVE aNALYSIS

BEC MTL V.' FINER THAN 2.0 MM) 95.0 ---- 98.0 --
0 1CC S'OTL L FI-EP. THAN 1.0 MM) 85.0 --- 86.0 --
BEU MTL FX FINER THAN 0.5 MM) 35.0 ---- 27.0 --

DED MTL MX FINER THAN 0.25 M!4) 3.4 "-- 3.4, --
BED MTL (% FINER THAN 0.10 MA4) 1.5 ---- 1.7 --

HYDROM¶ETER ANALYSIS

BED MTL (% FINER THAN 0.05 MM) 0. --- 1.2 --
BED MTL (% FINCR THAN 0.032 M?4) 0.5 --- 0.4 --

PHYSICAL & CHE'.IICAL DATA

PHYS.ICAL .')ATA

VOLATILE SCLIDS (% TOTAL DRY WT) 0.36 ' 0.50 0.27 0.34

MISCELLANEWJS CHEMICAL DATA

CAR'3CN, On'GANIC (% TOTAL ORY WT) 0.07 <-- C 0.05 --

NITfECGCEI. IOTAL KJEL)'•HL ('AG fI/KG) < 20. 29. 27. < 20.
OIL & GREASE (%TOTAL DPY WT) 0.1 < 0.1 < 0.1 < 0.1

SPHZCPHCRUS. TOTAL (MG P/KG DRY WT) 36. 45. 46. 31.

HEAVY METALS

ARS7NIC (:IG AS/K3 DRY w'1) < 0.3 0.9 0.4 0.5
CAC'4lJM (.i . CL)/<'; .RY '4T) 0.53 1 0.09 0.16o 0.14
CHFiP.,vIU'I (•G Cd/KG DRY WT) < 3.0 < .3.0 < 3.0 < 3.0

COP'E. ({MG C'J/KG DRY W'iT) < 0.30 < 0.30 < 0.30 9 < 0.30
0 IRC'I (!'G FE/KG DRY WT) 2900. 2500. 1800. ' 1900.

LEAD (MG Ps/KG DRY WT) * .3 1.5 2.5 ' 2.3

* ANIA'IE•E ('IG MI/KG DRY WT) 160. 210. 460. 480.
M*'ERCt4Y (IG H.;/K,. DRY WT) <0.013 <0. 01, <0.052 <0.013
NICKEL (MG NI/KG DRY WT) 4 C ,.0 < 4.0 < 4.0 < ,4.0

ZINC (MG ZN/KS DRY "WT) 19.0 2.1 4.4 3.5

*CHLCr1I:JATEO HYDROCARFBONJ 
0

ESTICIDES

ALDRI'l (US/ýG DRY WT) < 1.0 --- 1.0 --
9HC-AL~,P4A ISr'•Ca (UG/KG, DRY WvT) < 1.0 -- < 1.0 --

* HC-!r.-TA I SJ4;wR (UG/KG DRY WT) < 1.0 -- <C 1.0 --

BHC-C.\'A :I,, I_'I3!R (UG/KG D'Y wT) < 1 .0 < -- 1 .0 ----
CHL;u.)/A'4C (tG/GIG DRY WTI < 1.0 <-- 1.0 --

0.P' J03 (U,;/KG 0;NY wIT) < 1.0 -- < 1.0 --

P.P D 0.,) (')-;/KG ORY T) I < 1.0 <-- C 1.0 --
C.r"' ID)- (' r; 0.1 Y wT) I 1.0 I-- < 1.0 --

P.F' D)F ('JD'RG !RY WT) < 1.0 <-- 1.0 --

C.P' DOT (U3/<,G DRY WT) < C l.0 a- < 1.0 --
*P.P • 0)T (J,/.":; :. 1 Y WIT) < 1.0 <-- 1.0 --

DIEL).J I. ;..'/-; ," Y wT) < 1.) -- < 1.0 --

* '4 f (1 I I),-./K G 1-4Y wT) < 1.0 -- < 1.0 --
-r TAC:1. .r. ( .J /' , j,?Y .aT I < 1.0 ---- 1 1.0 --

j1,Ix (j /K,/< ")IY IT) < 10. -- < 10. --

* ,;-.A'(L1,D I.'Y.'. (o/V fy iT) 9 < 25. f -- < 25. --

f •''-iCCLJO . (0/.L; ')'"Y Nrl " .r.5- -- 2 5.< ---

* rl( I -A 1'r.L 1) ; Nj.I..; r)'y •r) * ,y.. -- < 25. --

,* ' A9'NIE ('JG/0" ''7Y .JT) * 25. < 25.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 - - - -
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Table D-2 (Continued, Page 2 of 6)

RICHArD F3 RUSSELL PREIMPOUNLYMENT STUDY - CCNTPACT NO. DACW2I--l-C-002q
SEDIMEN'•T DATA - SAVANNAH RIVER -COLLECTED 7/13-15/81

SEDIMENT SAMPLING RESULTS

S,. S S S S
STATION ' STATION * STATION ' STATION

" PARAMETER NAME (UNITS) I 3-A * 3-D" i 4-A 4-8
7/13/81 ' 7/13/81 * 7/13/81 ' 7/13/81

MECHANICAL DATA 5 S

SIEVE ANALYSIS *

BED VTL M% FINER THAN 2.0 PM) 81.0 - 45.0 -
BED MTL (% FINER THAN 1.0 MM) 62.0 -- 39.0 ' --

* lBED MTL (%4 FINER THAN 0.5 MM) 25.0 -- 30.0 --

,3ED MTL (X FINER THAN 0.25 MI.1) A4.4 -- 17.0 . -""-BED MTL (% FINlER THAN 0.10 MM) 1.6 ---- 3.5 0 --

-- HYDRO'4ETER ANALYSIS *

nED MTL (X FINE, THAN 0.05 MM) 1.1 --- 2.1 ' --
BED CMTL (% FINER THAN 0.002 MM) 0.7 -- 0.7 --

OHYSICAL F. CHE'IICAL DATA •

PHYSICAL DATA •

VOLATILE SOLIDS (2 TOTAL DRY WT) 0.42 0.48 0.71 ' 0.82

P ISCELLANFOUS CHEMICAL DATA *

CAR=:0'9I ORGANIC (X TrTAL DRY WT) 0.07 0-- 0.14 --
t.IT,1CGF.PI. TOITAL KJELDAHL (MG N/KG) * 44. ' 47. 6 72. t 76.
CIL r GREASE (%TOTAL DRY WT) * < 0.1 , < 0.1 0 < 0.1 ' < 0.1

PHCSPHCRUS, TOTAL (0G P/KG DRY UIT) 41. 42. 1900. 2 10.

HEAVY METALS

ARSFNIC (*tG AS/K5 DRY WT) 0.8 0.9 0.7 * 1.0
CAD M4IUM, ('IG CJ/KG DRY WT) < 0•11 0.;!4 0.13 * 0.13
CHROPAIU' (MG CR/XG DnY WT) < 3.0 3.1 < 3.0 ' ;1.0

CCPPIER ('M! CU/KG DRY -T) <S 0.30 <* 0.30 < 0.30 * 0.54
IRCN (MG FE/KG DRY WT) 3009. 4903. 5400. * 18000.
LEAD (0G P8/KG DRY WT) 2.6 2.7 * 5.2 1.1

MANGANESE (MG DRY WT) 640. 790. 240o 410.
MERCUIY ( .IG HG/K5 DRY '"T) <0.013 <0.013 0.012 0.050
NICKEL (MG NI/KG DRY WT) < 4.0 <* 4.0 < 4.0 21.0

ZINC (!'G ZN/KG D4Y WT) 4.5 6.9 9.8 13.0

*CHLClI.eATED HYaROCARBON PESTICIDES :

ALDRIN (U'S/.G DRY WT) : < 1.0 -- C 1.0 --
*HC-ALPHA ISO4.ER (UG/KG DRY WT) # 1.O -- . < .0 --1
DHC-DETA ISOMER (UG/KG DRY WT) 0 < 1.0 <--- < 1.0

BHC-CAVYIA ISOIFR (UG/KG DRY WT) < 1.0 -- < 1.0 ---.
CHLrOROARRAE (UG/KG 3RY WT) < 1.0 -- < C1.0 -
*O.P' DD: (UG/KG DRY wT) < 1.0 ---- < 1.0 --

• pP# ODD (U' /Q G DRY WT) < I -- . < .0 --

* C"P OF (U;/K', DRY VT) < 1.Q < 1.0 --
P.P# DDE (UG/<•G DRY WT) < 1.0 ---- < 1.0 --

*.P4 OOT CU.J/KG D,(.Y WT) < 1.0 <-- 1.0 --
P.P' ,)CT (UN1/K G .1Y WT) < 1.0 <-- < C .0 --I
DIF.L.1OI; (UG/:KG CY I,•T) < 1.. ---- ' 1.0 --

U•.,r)RI'i (U:;/K. =')RY wTI) < 1.0 ---- < 1.0 --
S r"T,.CHL ,' (UG/K6; Y f T) , T.0 * -- < 1.0 < --
'1I1r.X (!J y/KC; ')RY -IT) < to. -- < 10. ---

::!3-Ac7CCL1P 1.24 (,/, )1 fl'Y WT) < 25. -- * C 25. --
r*P.-t•C.L .fl ,. . (u•./.4 UoY .,T) < LIS5. <-- 25. --
* Cn-A1CCL'•7 I.:',) Ilj';/IS D,Y WT) <' 2.. ---- C 25. --

TIJXAPHI-IE" (''/'S );zY dT) < 25. < 25.

----- --------------------------------- ----- ----



Table D-2 (Centlnued, Page 3 of 6)

RICHARfl n. RJSSELL "2PEIi.IPOi.JN0OtN4T STUDY CONJTRACT tiO. DACW2I-qI-C-00p-0
SE0PE1ENT DATA - SAVANNAH RIVER - CCLLCCTC0 7/13-li/51

SE'IpsET SA4PLI'G P.ESUL.T

STATION * STATION * STATION S STATION
PARAMETER NAME (UNITS) -5-A 5-- 6-A * 6-9

* 7/ 13191 7/13,'01 7/.0/1l 1 7/15/R,19

MCCHANICAL DATA * S

SItVE ANALYSIS S

nED MTL (I FilrC.. THAPI 1.0 44) 0 75.0 .--- 51.0 * --
SCC MTL (X FI'JE,' THAN 1.0 4"M) 51.0 32--- 30 --
BED RETL (I FIIE; THAN 0.5 M) ) 30.0 5 - * 12.0 0-

F)EO ?STL (? FINIPR THAN 0.25 W~ W 8.7 * -- * 2.7 --
.9ED 4TL (X FI1lER THAN 0.10 M.11 1. ----9 1.1 ' --

HYOROX"-TEI ANlALYSTS I S 9

DED MTL (X F'I)Cr THAN 0. 1' ;.P4) t 1.2 -- 0.05 -
9F. D MTL (X FI'IE-7 THAN 0.002 ,4") * 0.2 -- ' 0o. --

PHYSfCAL C CHE4ICAL 9ATA * S S

PHYSICAL DATA * . .

VOLATILE SOLIS (% TOTAL nRY jT) 0.83 * 0.50 * 0.47 * 0.62

MISCELLA!•I•JS CHE'-1ICAL DATA ' 5

0 CAR.FCN, CI'ANIC (Z TOTAL •QY 'IT) 0 0.13 0 -- 0.11 --

' NITRC.;EZ11 TOT..L KJELCAtIL (4G N/K.;l ' 62. 9 s5 . 57. 0 in .
OIL & GRi:ASE (XT.TAL DRY tT.) * < 0.1 * < 0.1 • 0.1 < O.t1

FHCSPHOI.'US. TOTAL (MG P/KS DRY WT) * 32. * 47. * 60. * 37, *

HEAVY METALS *

ARSENIC (IG A.3/;4 0RY iT) " 0.7 1 1.2 * 3.2 * 1.0 *
CC.CrI')4 C'.IG C.'/K1 DRY 'IT) " 0.13 & 0.0; - 0.14 - 0.25

CFiRCmIU'I (mG c/K;. Drty 4T) < .1. a < 3. .1 9 3.0 0 7.6

COPPER (AG CU/KG D.1Y WT) < C 0.30 < • 0.30 * 0.31 < • 0.30 *
IRCNJ (.IG FE/Ku DW1Y WT) 4800. 3503. 8500. * 9000.
LEAD (MG PB/K,, DRY WT) * 4.5 * 2.0 5.a8 * 4.A

MANGA
9
IE5E (4G t1-J/KG DRY .IT) * 250. 200. * AQo. * 870. 9

MIERCURY ('IG HtG/K5 nRY WdTI 0 <0.013 * <0.013 * <0.013 0 0012
NICKEL (14G MI/KG DRY .IT) < 4.1, < • 4.0 < C 4.0 < • 4.0 0

ZINC (W; ZNI/KG ORY WT) * 60 * 6., * 7.0 * 7.5

CHLCR1IATL'r) HYr')RCAROON PESTICIDES P 9 9 9

ALORIN (U/t<G 1171Y WT) : < 1.0 9 -- < C 1.0 * --
DHC-ALPHA I•CI.tC- (UG/<G f)RY WT) 0 < 1.0 <--- < .0 --1.
*HC-B--TA I SC.15". (JG/K.; "ORY WT) < 1 .0 < -- • C 1.0 _

3HC-CAWMIA 5,J31F.1 (U,/v.S D-!Y WT) 0 < I. * --f < 1.0 * --

CHL,3RA'IE (,J3/'K. -IRY IT) < 1 .1 -- C 1.0 * --
O.P' ODD (UG/KC DRY AiT) 1 < 1.0 .--- 10 ---

P, Pt ODD (UG/K"G O0.?Y WT) < -1.0 < 1.0--
0. P1' D0" (U5/,'G D.-4Y wT) < C -.0 -- ' < 10 --1
P.P. DO; (uG/i.:; o.Y %.) " < .O ---- < 1.0 --

*O.Pr DOT (US/KG ).'Y W"T) < C 1.0 -- .0 --<
P.. P I0)T (tJ;/ I.: ')Y WT) < 1.0 * -- S C . -
n IELDOII (U;/<•'; f.Y %IT) < C 1.) < 1.0 -- t

* E ')rI'! {(U-/Ks; .);!Y -T) C 1.0 <-- l0 ' ---
* 4'PTA,:.1-|.'j.(uI,•-; r)*ýy IT) * C 1 -- I 1.0 --< 1
"*IPEX (:J,,/K:; "I-Y .JT) < C 13. --I a .L--

S'C:p-A!:Orfl.:fl, l.-',' ( '',/<• D.iv aT ) * ." 3..° 5 -- * <C z5o ' ---

* C.';--A C..LuP 1.!-4 C '0.~;<; ~D.Y WT < . -- C 5. 5 --< I"CE'C5-A CCLJR4 1t.2'.) (' " -,"T ' --Y * T5 --- 2

< .5 < 25.* T'-A-.-- - -IE (-J - -/K -" -'Y iT - - ,- - - -- ....-- -25. ----
e 5 9 * C

- - - -- - - - - - - - - - - - - - - - -

4.!

...............



Table C-2 (Continued, Page 4 of 6)

RICHA.D 3. RUSSELL PflEItMPOUNDOIENT STUDY - COrjTRACT NO. DAC421-81-C-002')
SED1•'ENT DATA - SAVANjNAH nIVER - COLLECTED 7/t3-15/81

"SEDIME'4NT SAMPLING QESULTS

* 9 STATION • STATION ' STATION • STATION 9

* PAPAM.TER NAME (UNITS) ? A-A 7 9 S-A 8-8 *

* 9 7/13/51 7/13/131 1 7/14/-1 7/14/81

• IdKC' EC4AJ*ICAL DATA 9 9 9

"SIEVE ANALYSIS I S " 9 9

R RED MTL (% F1'JCC THAN 2.0 M"t4J " 66.0 S - * 56.0 * --
R OCD MTL CZ FINhEP THAN 1.0 MM, * 52.0 - * 49.0 • --

• BED MTL (S F:JVER THAN 0.5 MN) • 32.0 --- 33.0 9 -- 9

SBED PTL (X FINER THAN 0.25 M-, * ,.0 -- 1 •. --
* CEC MTL (% FIERJEl THAN 0.1e3 M*1) 3.1 9 -- 1.3 --

* HY[f�l04OETER ANALYSI S9 9 • " 9

R BED MTL ( 1P.•ISP THAN ).'35 M%1) • 2.0 • -- e .0 ' 9

* OLD MTL CX FINEq THAN 0.002 -AM) 0.6 -- 9 0.3 • --

PHYSICAL & C1E'IICAL DATA 9 9 •

* PHYSI.AL OATA 9 9 9

* VOLATIL" SOLInS (% TOTAL DAY IT) * 0.31 * 0.43 * 1.10 0 0*70

MISCELLAN -OýJ. CHqE'IICAL DATA 9 9 * S* 9 9 • • 9

* CAIOC•II ORGANIC CS TOTAL DRY WT) * 0.15 - 0 0.13 3 --
NITflC3)E',i TnTAL KJEtL'AHL (4G N/KG1 0 35. 0 43. * 75. ' 79.
OIL & GREASE (XTCTAL O-Y OiT) ' 0e1 * - 0.3 < • 0.1 < 0.1

PHOSPNORUS. TOTAL (M4G P/K DOY WT) * 45. * 44. * 69. * 65.

HEAVY METAL; •

ARSENIC ('3G A./K. D-1Y IT) * 0.4 3.1 * 1.7 0.7 *
CAC%4tJM ('!#; CN/K,• DRY IT) * 0.17 8 0.05 * 0.47 1 0.29
CHROMIU1 (M.G Crt/(, DRY IT) • < 3.0 • < 3.0 * 31.0 < ( 3.0

SCOPPER (MG CJ/K,; DRY WT) < ( 0.30 * < 0.30 '4 0.30 * 0.57
IRCPJ (MG FE/KS) D.-Y oT) 5300. * 3800. * 17000. * 31000.
LEAD (MG PO/K5 DQY WT) * 3.4 2.6 * 9." 0 5.t 9

MANGANESE (MG 'ItJ/KC DlY VT) 2 200. 170. 9qO. * 1400.
MERCURY ('VG HN;/KS DQY IT) * (0.013 < (0.013 < (0.013 < (0.013
NICKEL (1I.G NI|/K, DRY IT) 6.1 < 4 .. 0 < C 4.0 < 4.0

ZINC (MG ZN/K O DY WT) * 30.0 * 1.4 15.0 22.0

CH.LCRINATED HYDRfOCAR.N PE:TICInF 9 9 9 9

ALCRI' (UGr./KG D=Y INT) < 1.0 <-- 1.0 9 --9HC--;L!iA 1.0iF"-t UG/tfG CRY VT) < • 1.0 < -- * C .0 9 --

eHC-C-D:TA ISOAIE5 CUG/KG DRY WT) < 1.. -- . 1.0 * -I

0HC-CAE"A I (VC UG/KG DRY WT < 1 3.4 <- 1.0 -

CHLOLIOA.IE (UG/KG 'RY WT) < C 3. -- C 1.0 .--
*O.P, DOD (UG/KG DRY WT) < 1 3.0 1-- C .0 -- 9

P. U.G 'Y ") m C 1o.3 ( - C 1.0 y ---I <

' tJP9 DnE (UG/f(; O-AY W-) < C 3.3 * -- < 1.0 a
* :, O DOC (UG/CG ").Y ýr . • 3 -- .0 < ---

O.P* 0 O'T ('UG/KG r-4Y idT) < 1.3 <-- I . --e)
* P, p I. T C (U.;/'G D1Y -.T) < C 3. -- " 1.0 1 --

Di .'._ '!it, ('R;/,KG zy 9r) * C i..i * -- .. o <-- I

* EliDlI'i (U,./KG 'I1Y T) * ' 1. - 1.0 * --.1 v
"* HS:PTAfHI.r1•; (U;/)'-. ro,?Y AT) * 1.0 * - < *0 * --

* I r jX (J(;/.1..-; -TY-r) 'C r)) '< < G.

9 ~C '- A ' e .:C L ;' . > C_• _ ( U ;/ C 0 ' Y 4 T ) * < - ( .5 • - -

V 7' -V -) W .- L t It. •; I, . -; j jv a T) * 2 . -. - . --5
•':- #. -CCL l . , t'~. ':/ ; '!Y a t ) * < . 3 - - C 2 5. 9 -- .

-' .----------E (UG/- - - - - - ----- T) - - --- ----- 2--- - --

. ... "- - - - - - - - - - - - - - - - - - - - - - - --.- -'.- - - -•.. ,..--,,, . . . •,"', *'- - - - - -•{N : '.'-• .,,'"'-.'..-,

=. .. ' , ;-* . ,' *. ' " 9 ": ,.' ." '-,€,• 2 -,. • . ." :" " .. "" " "". .



Table 0-2 (Continued, Page 5 of 6)

RICHAnn i. PUSSELL PREIjMOU:,JO-IENT 3TUnY - CCNT'?ACT NO. DAC'421-81-C-0029
SE.1I4CN1 DATA - SAVANNJAýI RIVCR COLLECTED 7/11-15/31

31EDIrfENT SAMPLING RESULTS

* 9 STAT[ON ' STATION STATICN STATION
* PARA'4ETC'q NAME (UNITS) * 9-A * 9-8 * 10O-A 10- •
* • 7/13/81 ' 7/13/fl * 7/14/01 * 7/14/81

* ECHA'ICAL DATA S 9 S

SIEVE ANALYSIS S e

* BED IVTL (% FI"1CR THNN 2.0 M%4) ' 50.0 * ---- 63.0 --
* BED MTL (X FINER THAN 1.0 MM6) 0 67.0 -- 48,0 --
e DED MTL (X FIpsE' THAN '.5 M") * 36.0 -- 30.0 --

* FED MTL (Z FrlICR THNN 0.25 M0%) ' 9.8 7 -- 7.3 --
* RED PTL (% FI.*Cq 7HAN 0.10 W44) * 3.31 -- 2.1 --

* HY CR3METER ANALYSIS 9 5

V ED ¶ITL (% FIPIE! THAN 0.0' smm) * 3.2 * -- 1.5 --
* CO POTL (S F1'JE-1 THAN 0.002 414) * 0.5 -- 0.4 * --
*• . I S •

* PHYSICAL F, C0EMICAL DATA ,

FP1YSICAL DATA * *

VOLATILr SOLIDS (S TOTAL DRY wT) * 0.81 * 0.63 0.76 5.20

* PI ISC.LLANZOU. CHC4ICAL DATA * S o

* CArnICJ. RGANIC (% TOTAL "RY WT) * 0.15 0.-- 0.1 --1
* NIT140-.N, TOTAL KJELOAL (01G !I/KGI * 94. * 97. 2S. 23. 5

OfIL C GREASC (%TOTAL ORY WT) 0 < 0.1 0 < 0.1 < 0.1 < 0.1

* PHCPHp'0US, TOTAL (4G P/KG ORY WT) * 160. 1 110. 71. 72.

* HIAVY METALS *.
e . S 9

A RS-E%C I (G A./KG DRY wT) * 0.9 ' 0.1 0.n 0.5
SCACIIU'I (C.IG C.")/w DRY WT) * 0.'7 * 0.10 0.25 0.11
* CHROMIU'I (F4G CIZ/K.• DRY wT) < < 3.0 . < 3.0 < 3.0 < 3.0;

*COPPEI (MG, CU/KG DRY WT) * < 0.30 < < 0.2k' ' 0.30 0.41
SIRON (MAG FE/K3 DRY WT) * 2700. * 7200., 12000. 9000.
* LEAD (MG PE/K". DRY "T) * 3.3 * 5.4 7.7 5.8

?4ANGA-.ESE ('IG P.tN/Ir. DRY WT) 1 35n. * 180. 370. 230.
M ESCRCURlY (IG HG/KG DRY 4T)' <0.0011 < 0.013 <0.013 <0.013
'4ICKEL (MG PJI/Ki; DRY 4T) * < 4,.0 * < 4.0 4.7 < 4.0

* ZINC (MG ZN/KG DRY WT) * 6.5 * 5.3 27.0 19.0

'CHLCRI.aATCD HYr)ROCARSO¶1 PESTICIDES 9 *

AL34IN (U,/4. D1Y WT) < < 1.0 < 1.0 --
*rtf$C-ALflHA 1'].*14R (UG/,(; DRY WT) * < 1.0 -- < 1.0 --
* IC-CTA Iu rl (UG/K., 04rY WT) < < 1.0' < 1.0 0 --

* O -C-,AMVA InnOCq (US/KG DRY WT) •< 1.0 < 1.0 --
Cnil.1AN¶E (,JG/KG DAY 4T) < 1.90) < 1.0 ---

C .P' ? (ID. /KG D7 fY WT) < < 1.0 < .0 ----

* PP .)nl (U',.3/KG ORY WT) < 0 1.0 < 1.0
*.p' rhEC (,J./KG 'X1 Y WT) * < 1.3 - --- < . --
* P.r, n'! (;''/KG OR)Y WT) I 1 < 1.0- -- .

0.-P| D3 (;/V/ 0G D1Y 'IT) < 1.0 < - 1.0") --
* P *r )'~T 'J*>/i.,. 0.IY WT) . < .3 5 -

:) DELDl I j JG /,' 1. tY WT) < 1 1.0 < 1. ' 9

(,I)1a u;~ ; DR Wt * • 1,.3 -- • 10. ---S9. t ;. w T < t.0 -- 1..) < 1

'1fl~ (J.:i )pY WT) *< 10. < 10. * -

9 w5 r 1 7 9i 5

a:r r'-A ZGCL.1 <~4eI/;03'.r 25. < 29. * -

* -~lCL~l ~h) jtf-F ~Y '-,T) 2 5 2. < 5. 5 -

*T1XAP,,E-JC (UG/r.; *)Y iT) C25. < 25. ' -

---------------------------------------------------------



Table D-2 (Continued, Page 6 of 6)

RICHARO) 1. RUS'ELL PRE[MPOUNrOMP4NT ';TUOY - CONTRACT NO. DACW2I-4I-C-0029
SEODh4'T DATA - SAVANNAH RIVER - COLLECTED 7/IJ-15/91

SEDIMENT SAMPLING RESULTS

---------------------------- --- - ----------- --- ---------

: STATION STATION
PARAMETER NAME (UNITS) I1-A I 1-0 t

* 7/14/81 7/14/81

------------- --- -- ------------- ------------------

MECIfAPAICAL DATA

SIEVE ANALYSIS

DEC MTL (X FINFR THAN 2.0 MMI 100.0 --
C13ED MTL (X FINIER THAN 1.0 MM) 90.0 1 --

DEC MTL (% FINER THAN 0.5 !.IM) 73.0 --

BED MTL (9% FINER THAN 0.25 MM) 60.0 --

SCOD 'TL (X FINER THAN 0.10 MM) 53.0 --

HYCRO'4ETER ANALYSIS

* RED MTL (X FI;Er THAN 0.05 1M) 48.,1 * --
3ED MTL (X FI:IER THAN 0.002 *.*-I) 7.7 --

PHYSICAL r. C-IEMICAL DATA

PHYSICAL 3ATA

VOLATILE SCLIDS (X TOTAL DRY 'IT) 2.60 7.20

,MISCELLANrOU' CHEM ICAL DATA

CAllCN. ORGANIC m9 TOTAL ORY wT) 0.12 --
* NITArC3EN, T.DT.\L KJELDAHL (MG N/KG: 130. 260.
OIL . GREASE (%TOTAL OfY WT) < 0.1 < 0.1

PtICSPHORUS, TOTAL (MG P/KG DRY WT) 320. 410.

HEAVY METALS

APSENIC (1G A3/KcI DRY WT) 0.8 0.1
CACMI,J. ('IG CO/Kfl DRY IWT) 0.19 0.11!
C* E4O;4IUJt (.MG C't/KG OIlY WT) ' 3.? 5.1

COPPER (4G CU/KG DRY WT) 2.70 2.50
IRCJ (Mr, FE/K3 DRY 1T) 25C00o. 36000.
LEAD ("G P8/KG DRY WT) 7.6 10.0

mANGANeE1E (MG MN/KG DRY wT) * 431. 430.
* FRCU4Y ('IG HG/KG DRY WT) 0.0n7 0.097
NICKEL (MG NI/KG DRY WT) 1.0 ' 15.0

ZINC (MOG ZN/KG DRZY WT) 44.0 (63.0

*CHLrRI1'.ATC3 IHY)ROCARInON PESTIC:OES :

ALrfnl;J tUG/KG DRY WTI : 1.0 --0
* Hr.•-LPHA IS(] ..IR C(U //KG O".Y WT) I < 1.0 --
* RlC-qR TA i-.0'4R (IJG/K(; 'OY WT) < 1 .0 --

3flC--AMMIA ISO'4EPR ( US/KG O:Y WT ) < 1.0 ---
CtIL.POAIE ('J;/K.; DRY WT) < 1.0 ---

0,P" DD (UG,'KG OR Y WT) < 1.0 --

P.r 3D00 (UG/KG DRY WT) < 1.0 --
, C.P' 3)1 (tjG/,:G orRY T ) < 1.0 --

,p',P' n .- (IJG/ .'- r)I'!Y WT) < I., ----

S0.P' DOT (UG/KG rX:!Y WVT) C< 1 --
* , " 11OT CU;/K ") ?Y W ) < 1.0 --

* 1fFLO'I (UG/KI ,; r)4y wT) < 1.0 --

,OF:'TA.EIL.I.1 ('J;/K,; ") Y %IT) < .0 ----

* 4 .t , .:X ( J. J / K . ' ., Y •* T ) < I 0 , - -

;" '."-\ •CCL~1 I.'3, / )-2Y oT) • ,2!. --
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